
crr{FTnR vII
: 1 , , n , ^ t  ^  - ,
! - J  t : v L v ; . a -

r A A ?  7 . I Grorrndwat,er i{;.rdro1 o,qr

7, \ .2 Exis t : "ng l reundwater  Re-sourees
7, \ .2 .1 i teg:-onal  Crou: :dwater  l iJ - 'dro lo4r

The r ra* :er  +"able e levat ion has been estabi i -ched , ' . :
t he  i ene ra i  a rea  i r . r  + *he  U .S . ; .S . ,  r a i e r  Tnve ,s " i -
gal ions 3:anci r ,  a t  an e levat ion of  7t815.  iee*, .
lh is  determinat ion 'oras naie in  T165,  Rl : i ,  >ec-
tion 2), in the l iW; of the \-,{-, by rneans cf a
drr1 l  ho1& 

"ve 
feef  i r  wru ld be near th is  sane

elevat :  on in  the resr i .  !  a . rea.

?ne follo,*ing :"nfcr'r lra', ion 1s presert"eC froin a
strrd;, ' i icne b;r -Vauirhn Iiansen e:i issociates fcr
Swrshe:  Coal  Co:r :pany whj-cn t ras n ' . rb l rshed in \?"7.
A eon.r  of  th i  s  -c{ ,s , i f  is  inc iuCeC wi+"h +"h is  Chapier
as f tern l lurnber VII-1 . 1'he area of str:dy incl'.rced
Crandall Canyon and ve feeL tha'" -l,his infor:na";icn
ehcu ld  be  accep tab le .

in '?* .er  in  tne u?per oo:* , io : r  lF each of  the aaSyons
g' , r rc i ied (  one of  which was Crandal i  iar : . -vo: : )  l lcws
i  n tern i  t t .en t l  v  anr i  6- j  : i  n2 r .Fs ,  s  in- :eTfLCw ,vhi  rh

* . j u  v - 4 r ) :

sur faces above or  near  the Casi lezz l ,e Sands*.cne -

Slackhawk lor ina. t ion i r ier face anC/ or  ovel ' l -and
f low.  The former prccess cree ' .unab1e ooni .nates
dur ing the spr ing n incf f  season wh: .  1.e the la t ter
is ncs+, ccnmon au::ina the s-umner thu::Cershower
:e r i cd ,

Sprires throughout the genera-"i a:.?-l-1:l_f the Crarr-
ca.11 ie : : ; rcn ?DTe.r  tc  be wat ,e: :sh ief  , :  tsr r :  iac: .n l
p_r lpar i i ;7 '  above- and beicw the Blackhp.vk, l91rats 7n,
wi +"h 1i-,*"1e gz'rrrncrvater ae*.i vi -";,- show:.r.9 in *.he

ts la.ckhavk.  l ie l i  obervat i .cns in  n ines "L lca"r ,er: .rn ' ; i re  3a: :  Laiael  ans i ' : : : re  l iver :  Sasine : :a . re
shc ' .n that  t ; , .p ica1l - ; ' ,  on ly-  a l imr ied anount  of
suosurlace water is found in *uhe SLackhawk Fcr-
na+,i ' :n, apparentl-v, even +-hcugh frae+,ur-rlns in
* . ' a . e  a1^p -A .  has  n res t :mah l  "  

. l  qn  - p rp ' : ? . i e ^ .  ' . l e  B iaCk -

havk ,  t he  na tu re  c f  + ,he  na re r i a f  ( i - . " . ,  f i ne  *uex -
n"ure)  is  such thai  these f re.c t  r res nave seaLed
and t 'hr :s  remai-ned reLat , i . re l ' r  in le i :eabLe.  I t  woul l
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7  . 1 , ?  , 1 Conti"nued-

7 , 1  .  z 1

? . 1 . d . 1 _

7  . 1  . 4 , 2

7 - i f , .

!. '- i t ' l  ". i l Srir:face

7 ,2 .2

7 ,2 ,2 .7

appear '  therefore,  r - ihat  water  wnich dces enter
t3e €T?u: ' to  in  e i ther  the ' las-- iegare or  Si 'ar
Point Sandstone surfaces in lhe sa"ne fornation 1n
which i t  entereC, r i i th  very l r t t le  passing thrcugh

the 3l-ackhawk. Groundwater flowing in thses

fo:rnaticns has sri.rfaced at fractr.rres in these

for:nati-ons j.n the areas surrounCi:rg the pernit

a,tea. Fractures in the more :lerrneable sanrfstones
above anC belovr +"he 3lackhar,rk ! 'orna"ion a.?e pre-

sri.rably the means whe: el:y grcunivater uori]d

sr_r1.faCe in t,he i:er11i'L area, howeveT, 43Cundva.+.e:'
Cces nct  sur face in  the pemi lu ? leP-.  , : .1  i  thrs

info: - .nat ion inCica+.es iha+u - re{ . '  l . i i ,+" f  e  or  ro
grounCwater woul<i be enccuntered if coal- : l ining

in the lol*er Slackhawak ilorrnati"onwere to be
dcne :n ihe pe: :n i t ,  area.

1 .1 .2.?_ j r i j  ne Pl .an i rea Aqrr i  1e: :
S e e  7 .  t ' 2 . f  a b o v e '

7,L,3 Gr ,unCwater  level -on:nent  anC l ! ' l ine leuater ing
'7 

,1. j .7-  wa' i ,er  Supply
S e e  ? . 1 . 2 . 1  a b o v e '

7 , ! .3 .2 lo i ine lewater ing
l ' io  mine dewater ing ant ic ipated",  see 7.1.2.1 above.

::,g!l i  can -; i e le:-ni.ne: +,hese uinec 3 s sa4' r l. lni ess
j .n l i icateC b; ;  deier :n inat icrs ani  d: -+-r  v ' ! r ieh e ' rof  ' re

lrcrn anplica.n+-s Grouni',rarer l ' ieni*,cring ?ian refer-

ed  - " c  i r  
' r . l . h  

c f  t ! ' . i s  Cha ! te : : ' .

7  .L,5 1:  ormC.water  l ; lor i to- i :s  Pf  ar i
Contarned in th i .s  Chap+"er  as i te : r  l l r rn 'cp: '  V\ i '?- l

a lso f r r  ' , ia+"er  lon i -Lor ing '  : r i r - -s  . -oee i | t .  u-AP St ,^  @'3\

i l i feets c f  l i in i r ;  C; :e:a* . ior^ .  ?n Jr lur 'dwate:
, i : n l i c a n t .  d e t e r n r n e s  t i r e l e ' . s l  1 . i -  l e : ' r c  e f f e c t  o f

1 in in, ;  cpera ' . ic : l  1p ; r1 '1: ; ; ;dr :4: ,qr  (*e 7.L,2,1,  .abc ' re
' ' \ : - r  n  - .  - h ^ F_  t  ^ " '

. o 5  t  F ^ _ ' 6

...uar t i- t i .

S e e  1 . 1 . 4  a ' C l ' , ' . , , .
Xi. t i ,3a"r,i.cr a.r:i Ccn+"rc1 Plr::,s

r ' : * a -  - - . . 6 i 7 1 i  a ; r
t a  j

, ,  , t '  - . . ( l '

. "t 
t"L' t '-

: r  ( " t :  : " ' i
Ilxrsting Surface ',{a.ter Resor:.rces,,-... -- 

', "' '

5nia; wi'rhin pe:rlit a:'ea" 
'"2

F e o i  n n i - 1  i r r r f : ^ o  u J a l p r  : : ' z 6 l - a l , - . 3 '
i l u c : v r r " v . ' - - ;

The 1er :n i l  zvea is  l -oeateC ln the CranC.aLl  Creer
watershec aiea ; ' 'hj-ch discharges water into Iiuntrn;:-

tcn l l raek.  
' re  io  not  ant ic i ra ie d j -scharging any

- q q -



7 ,2 .2 ,2

7  . 2 .
7  , 2 .

1  . 2 . t  . 2

7 ) A

J
,4 ,1

wa+"er  in to th is  watersheC a,Tee or  Cran'3a11 Creek,
There are no sur face water  bod. ie-"  wi th in t re
pe:Ti.t arez, however, thete ts ? s*.rean, Cra.nrljul-
Creek, ad;acent to the :rerl l j- l  area ani fo'rr kno'"c..------:---*.!:*
spr ings la i ther  uc the car ' lon.

The on1-y o ischa:3e eonCi t ions for  s l reain-e tha+"
w . .u ld  be  pe r : t i ne r t  + , c  t h l s  ap l l i ca . * , i c i  wc , ;LC  l e
fo:l '  CranCall" Llreek. we can supii.;, '  infcrna+.ion
ob+ ,a ined  l r on  I J .S .3 .S . ,  r , va te r  I nves+ , i ga t i cns
Sect ion anC th is  ln fonnat ion is  sho' , rn in  1-h is
t lna:"er  a.s  I :en l iT l - t ,  l :sc:arqe i "* ta fcr  * .wo

c f  + -ne  sp r i n ; s  wa .s  ava i l ab le  ' : r n  1 i . 3 . ; .  S .  ? - ! . 1c

is  inc} :ded : : r  th is  Char! ' .€T ?-s i t ,en VI I -4,

r;ater ,: i]tali iy da+ua c?I] be si:cwn fcr -orrrface vatets
in the adjacent ar?a.s z-s Ce"!,2 extract,ed frorn a
wate:  : ' ra l i t l r  a"rd hyd: 'o logic  s t ' lC ' - '  rone b1r  t /aughr

iiansen and Associates fo:' S'*lshel Coal- Conpan:r'
and pubi ished :n 1977.  ' (As Part  c f  t lT ' l -Zt  " i ia ter
: lon i tcr l : rg  ,J lan"  )  .

B:.sed cn +"he Cata p::eseniei cr ,;rci:nr ar:c. -su:face
' r a t e r . i n  7 , 1 . 2 . 1  a . n c  7 . ? . , 2 . 7 ,  w e  l : e l - i - e v e  t h e
proposeC'- : -n ier i rc ' rn, r .  n in in4 act iv i t , : ,es v i l -L
probabl ; '  nct  ccntani ratc ,  r1J-n:n i : :h  o:  in :er : ' rp+, ,  ar :d
und.err,rrorrnC or surface sc:lrce of area fo: dc-
m e s t i  e -  a ; : r i  n ' r l  t r r - r l  -  i  - r i r : s t r i a i  c r  o t - h e r  l e r i  -

t  r ' ' v

t i na te  use .
i { ine i ' ian Area datersheCs a-nC Si ; 'ee:rs ,  j i : : -n .Ts anci  Seeps
Charac te l r s+ , i cs ,  S t reams  Charac+ .e r i s t , i es ,  / c+ "e rshe r - r
Cha rac te l  s t i cs

i e e  ? , 2 . 2 , 1  a c o v e .
Sr-rrface 

'rdalrei 
. l ieveLc:nen+,.. lcl- ' lcl a.nd l i 'rersi.cns

ldater  Sur l - . l :
l { r  sr : l fa .ce vater  sr : : - ' !1 . ' : '  - . r - '  be t je ' re ln!ed lor  : ; r : is- . "

l in ing e i ;era l , icn ,  
*

l j ed : -ner - ,a . * . i fn  1 .3 : :1 : " :  :  ; - - ^ . .  - - ' r . : ' *s  : ' , . : .  1  - -? ' -1 - -<  : ' | j ' ] l : - :

i  se i inen- , i - r , : :n  p l r r t  i t : l  c t i z '  e , l i i ace  a i .s ; , ; l ' l e ; .

a - rga  ta .s  been s izeC a .nq  ioca t icn  ard  is  sno '^ "n  cn

nap inc i r :deC , , r i th  Chap ier  I iT  as  T tern  Cne.

.q f fec ts  o f  l l i n i :e  .n  .Sur ' face  water
A r r l i e a n *  , r  e l e - . r r i n c . s  t h e - .  - r  ' i  : i i r r - l i l - i  h a . r e : l o
ef fect  cr  sr : r face *-a+uer Cue,  to {zct ' ,  'uhere i  s
nc sur f a. c q'47_t q.r*,ia.-D?o? ose:..rn-i :e'.. p]-.:.r ...?"!?4 t

- r  j_ i -



P.ART 7.2 Cont i"nued-

r i - { r  1 . . ,

p jpm 
"  

/ ' 1
l  a +

1 a A 1
I  t l t L t  L

7 .2 .4 ,2

7 .2 ,5

ALluvial VaJ-ie;' !1 oor lete::: inatj.on
Deternina+.i.cn mad,e - ; ione.

' I l i  'h- i  . i  ^ .n^n;, ,
L L v L L ' r r - L 1 P l t J

l . ione inc luded

I iyCrologic ?alance
S e e  ? . 2 , 4  a b a v e .

';uali t:r
S e e  ? . 2 . 4  a b o v e ,

Mitigation and Control Flan
Aplol icant Ceter:nines these unnecessary, unless
indicated by de+"enninat ions and daia which
evol-ve frcm appl icantrs Surface ,ra 'uer lv ioni tor ing
F l -an  re fe r re r i  io  in  ? .2 ,b  o f  ' ,h is  t )hap ' .e r

Surface water l lcni tor ing Flans
Contained in +"his Chalter as I ten . i l i -Z.

- r - L -
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CONTRACT RESPONSIB IL ITY

The  s tudy  desc r i bed  1n  t he  f o l l ow ing  repo r t  was  conduc ted  f o r

t he  pu rpose  o f  de te rm in ing  t he  po ten t i a l  impac t  on  g round  wa te r

resu l t i ng  f r om m in ing  ope rs t l ons  o f  Sw lshe r  coa l  company  w i t h

recommenda t i ons  f o r  m i t i ga t i ng  any  po ten t l a l r y  se r i ous  g round

wa te r  imPac ts .

PROBLEM

Swishe r  coa l  company  p l ans  t o  expand  t he i r  m in i ng  ac t i v i t y  a t

Hun t i ng ton  c reek  M ine  No .  4  and  M i l r  Fo rk . canyon i - -wh i ch  i s

app rox ima te l y  twe l ve  m i l es  no r t hwes t  o f  Hun t i ng ton ,  u tah  up '

Hun t i ng tonCanyon .TheeXpans ionwou ldbe to theno r thwes t

i n thev i c i n i t yo fL i t t l eBea rSp r i ng inL i t t l eBea rCanyon .

i { a te r  f r om.  t he  sp r i ng  i s  be ing  used  nea r  Hun t i ng ton  f o r  a  do -

mes t i c  wa te r  supp l y .  conce rn  has  been  exp ressed  t ha t  ex tens lon

o f  coa r  m in i ng  ac t i v l t y  t owa rd  L i t t l e  Eea r  sp r i ng  m igh t  i n t e r -

cep t  pa r t  o r  a l t  o f  t he  f l ow  t ha t  i s  now  appea r i ng  a t  t he  sp r i ng

and  a l so  t ha t  t he  qua l i t y  o f  t he  sp r i ng  wa te r  m igh t  be  de te r i o ra ted

OBSECTIVE  OF  THE STUDY

Vaughn  Hansen  Assoc ia tes  was  regues ted  t o  s tudy  t he  na te r  qua l i t y

and  t he  hyd ro logy  i n  t he  v i c i n i t y  o f  t he  i n tended  ac t i v i t y '  Two

ob jec t i ves  we re  t o  gu ide  t he  endeavo r :  ( I )  t o  de te rm ine  t he

p robab le  impac t  on  L i t t l e  Bea r  Sp r i ng  o f  expanded  m in in ' g  and  (2 ' l

t o  ob ta i n  backg round  i n fo rma t i on  pe r t a i n i ng  t o  wa te r  qua l i  t y

f o r  a  r e fe rence  t o  assess  t he  eause  o f  any  changes  i n  f u tu re

quan t i t y  and  qua l i t y  o f  wa te r  a t  L l t t l e  Bea r  Sp r i ng '



COORDINAT ION

-2 -

WITH FOREST SERVICE

Leases .  essen t i a l  t o

reques ted  f r om the  U

c ,once rned ,  t he re f  o re

m in ing .

expans ion  o f  t he  m lne

Se rv i ce .  Th i s  Fede ra l

p robab le  adve rse  I 'mPac t

t he  Ln tended

.  S .  Fo res t

,  abou t  t he

a re  be lng

Agency  l s

f r om the

S e v e r a l

o f  t h e

a c q u i  s i

mee t i ngs  have  been  he l

Fo res t  Se rv i ce  t o  d i scu

t i on  p rocedu res ,  and  t o

d  w i t h  s t a f f  f r o m  t h e  P r i c e  o f f i c e

s s  t h e  P r o b l e m ,  t o ' o u t l i n e  d a t a
. :

d i  s c u s s  o b s e r v a t i o n s  -

Fores t  Se rv i ce  pe rsonne l  we re  t o  make  geo log i ca l  obse rva t i ons

in  t he  a rea .  Vaughn  Hansen  Assoc ia tes  was  t o  ga the r  and  have

ana l yzed  wa te r  qua t i t y  samp les  and . t o  s tudy  t he  hyd ro logy  
"n9

f rae tu r i ng  pa t t e rns  t ha t  may  be  re l a ted ' t o  wa te r  movemen t  and

wa  te r  y i  e I d .

PERIOD OF  F IELD STUDY

F ie ld  s tud ies  we re  conduc ted  f r om November  8 th  t h rough  t he  l z t h t

I 976 .  These  obse rva t i ons  we re  a f t e r  a  d r y  f a l l  and  be fo re  t he

w in te r  s t o rms  eommenCed .  Da ta  f r om wa te r  samp les  wou ld ,  i n

gene ra l ,  r e f l ec t  a  base  f l ow  cond i t i on .  I n  add i t i on ,  samp les

were  t aken  and  f i e l d  ob . se rva t i ons  made  du r i ng  t he  pe r i od : f

May  3 l s t  t h rough  June  4 th ,  Lg77 .  Th i s  pe r i od  o f  obse rva t i on  and

samp l i ng  was  p receeded  by  an  unusua l l y  we t  Hay .  Some  l ce  was

s t l l l  me l t i ng  i n  t he  deepe r  sec t i ons  o f  L i t t l e  Bea r  C reek .

eve r ,  t he  snow  cove r  had  me l t ed .

How-
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L l t t t e  Bea r  Canyon ,  a  t r l bu ta r y  t o  Hun t l ng ton  C reek r  l s  s l t ua ted

be tween  C randa l l  Canyon  and  H i l t  Fo rk .  (See  F lgu re  1 ) :  I t  l s

I oca ted  p r ima r i l y  1n  sec t i ons  I  and  9  o f  f - f gS . ,  n .ZE '  g " -

cause  o f  t he  ab rup t  d ra l nage  d l v l de  c rea ted  by  t he  l nc l s l ^on  o f

C randa l l  Canyon  and  H t l l  Fo rk ,  L l t t l e  Bea r  Canyon  has  been  l e f t

qu l t e  i so l a ted  f r om su r round lng  canyons  by  pas t  geo log l c  even t s .

I t s  ave rage  change  i n  e l eva t i on  o f  1500  f ee t  pe r  m i l e  co .mpa res

w l t h  660  f ee t  pe r  m i l e  1n 'C randa l l  Canyon  and  590  f ee t  pe r

m l t 6  i n  M i l l  Fo rk .  Th i s  r a te  o f  change  d i f f e rence  and  deg ree

o f  i so l a t i on  i s  espec ia l l y  s t r i k t ng  when  seen  f r om ae r i a l

pho tos  and  f r om f i gu re  I ,  wh i ch  shows  t ha t  l i n ' e (  o f  equa l  e Ie -

va t i on  occu r  i n  L i t t l e  Bea r  Canyon  a t  a  po in t  much  f u r t he r  eas t

t han  i n  t he  su r round ing  canyons .  R idges  a re  sha rp  and  t he  s l ' des

o f  t he  canyons  su r round ing  L l t t l e  Bea r  Canyon  a re  s te€p .

D ra inage  i n to  C randa l l  Canyon  and  l n to  M i I l  Fo rk  Canyon  has l

e roded  t o  "a  common  sha rp  r i dge  on l y  one -ha l f  o f  a  m i l e  wes t ' o f

t he  head  o f  L i t t l e  Bea r  Canyon .  ThJs  e ros . l ona l  . pa t t e rn  essen t i a l l y

Ln te r cep t s  any  Sha l l ow  g round  wa te r  f l ow  be fo re  1 t  can  reach

L i t t I e  Bea r  Canvon .

The  d ra i nage  bas in  o f  L { t t I e  Bea r  Canyon ,  cove r l ng  app rox lma te l y

755  ac res ,  exposes  s i x  d t f f e ren t  geo log i c  t ypes ,  p r ima r i l y

c re taceous  i n  age  (See  F l , gu . re  2 )  z  The  No r th  Ho rn  Fo rma t i on

(a  f l uv i a l  sands tone  and  muds tone ) ,  t he  P r i ce  R i ve r  Fo rma t l on

( t l uv i a l  and  mar i ne  sands tone  and  muds tone ) ,  t he  Cas t l e  Ga te

Sands tone  (de l t a l c  1n  o r i g i n )  ,  t he  E lackhawk  Fo rma t l on  (  sands tone t

muds tone ,  sha le ,  and  coa l ) ,  t he  S ta r  Po in t  Sands tone  (Ae t t a i e

and  beach  depos l t s ) ,  and  t he  Masuk  Sha le  member .o f  t he  Mancos
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CROSS.SECTION OF  L ITTLE  BEAR CANYON FROH

WESTERN HOST POINT  TO HOUTH SHOIY ING GEO-

L0GrcAL  TYPES,  SEEPS,  AND SPRINGS.

t-i

h

K C L

Kb

{ E E P "  

d I I . ,

.\

,\

'4:

".h

.:

B l l n d  C a n y o n  C o a l  S e a m

Kb 'a> H i a w a t h a  C o a l e a m

Ksp le  Bea r
r l ng_

Km

'.>

, , -

LEGEND

T w  =  N o r t h  H o r n  F o r m a t i o n
' n K p  =  P r i  c e  R i  v e r  F o  r m a  t i  o n

K c  =  C a s t l e  G a t e  S a n d s t o n e
K b  =  B l a c k h a w k  F o r m a t l o n
K s p =  S t a r  P o i n t  S a n d s t o n e
K m  =  H a n c o s  S h a l e  ( H a s u k  M e m b e r )
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sha le  (ma rLne  1n  o r i g i n ) .  The  H lawa tha  and  B l i nd  Canyon  Coa l

Seams ,  o f  l n t e res t  i n  t h l s  s t udy ,  appea r  a t  o r  nea . r  t he  bo t t om

o f .  t he  B lackhawk  Fo rma t l on .  SOr lngs  su r f ace  1n  t he  upPe r

reaches  o f  t he  canyon  nea r  t he  Cas t }e  Ga te  Sands tone  -  B lack -

hawk  Fo rma t i on  bounda ry  wh i l e  L i t t l e  Be .a r  Sp r l ng  i s sues  f r om

the  S ta r  Po in t  Sands tone .  The  p redom ina te  f au l t l ng  pa t t e rn

acco rd ing  t o  i n f o rma t i on  supp l i ed  by  t he  U .S .  Fo res t  Se rv i ce ,

1s  f r om the  no r t hwes t  t o  t he ' sou theas t  accomPan l ' ed  by  add i t i ona l

f au l t s  i n  a  no r t heas t  sou thwes t  d i r ec t i on  and  a  se t  o f  f au l t s

o r t hogonb l  t o  t he  f o rmer  se t  ex tend ing  Ln  a  t o r t f r * . s t  -  no r t h -

eas t  d l r ec t i on .

Seppson  e t  a l .  ( I 968 )  i nd i ca te  i  
no rma l  annua l  p rec ip i t a t i on

o f  app rox , ima te l y  2A  i nches  and  a  p .o ten t i a l  evapo t ransp i ra t i on

o f  18  t o  2L  i nches  pe r  yea r  i n  and  nea r  L i t t l e  Bea r  Canyon '  A

compar i son  o f  t he  a rea 'w i t h  t he  headwa te rs  o f  t he  nea rby  P r i ce

R ive r  Bas in  ( as  repo r ted  by  Mundo r f f ,  L972 )  l eads  one  t o  be l l eve

tha t  mos t  o f  t h i s  p rec ip i t a t i on  f a I l s  as  snow  du r i ng  t he  w in te r

mon ths .  The  s teepne .ss  o f  L l t t l e  Bea r  canyon  sugges t s  t ha t  on l y

a  sma l l  po r t i on  o f  t he  summer  p rec ip i t a t i on  i n f i l t r a t es  and  aP l

pea rs  l a t e r  as  sp r i ng  f l ow .  The  bu l k  p resumab l y  r uns  o f f  as

s u r f a c e  f l o w .

METHODS OF  DATA COLLECTION

A to ta l

we re  se l

Canyon  s

o f  s J ,

e c t e d

(  s e e

x t e e n  w a t e r  q u a n t i t Y  a n d  q u a l l

i n  C r a n d a 1 l ,  L i t t l e  B e a r r '  H i I

F i g u r e  3 ) .  A  m o r e  c o m P l e t e  d e

t y  samP l i ng  s ta t l ons

I  Fo rk ,  and  R i l da

sc r lP t t on  o f  t he
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F IGURE 3 :  WATER OUANTITY  AND QUAL ITY  SAMPL ING STAT IONS
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TABLE I

OF  WATER QUANTITY  AND

NEAR HUNTINGTON CREEK

QUAL ITY  SAMPL ING

MINE NO.  4

S ta  t l  on
Cod  e

s-c-  I

s-c-2

s-c -3

s-c-4

s-c- 5

5  -LB -  I

5-LB-2

s-LB-  3

s-  LB -4

s-LB-  5

s-HF- I

s-HF - 2

s- 'HF- 3

s-R-1

(D- r6 -7 \  6

(D-1  6 -7 ,  4

d a b

d b a

bbd

'  Desc r lP t i on

Cranda l l  CanYon ,  I 0O  Ya rds  above

"o " i r "  
en  ce  t t i  t n  lYes t  B ran  ch  '

C randa l l  CanYon ,  1 ' 6  m i l es  above

; i ; 'h ; ; t ;  2oo va ios  above conr ruence
wt tn  East  Branch '

Cranda l l  CanYon  C reek  above  con -

i i ; ; ; ce  w i t h  Hun t i ng ton  'C reek '

up  C randa l l  CanYon  on  r
b f  Each  B ranch ,  beYonc l

z - / ' -

? .5  m i l es  uP  C randa l l  CanYon  on

i " i t  F . . r  o t  Eas t  B ranch ,  beYond

(O- t -6 -61  I  acb ? .5  m i l es
R igh t .  Fo rk
fence .

f ence .  .

L i t t l e  Bea r  C reek ,
and  500  f ee t  wes t
co rne r  o f  Sec t i on

(D-r6-6)  r

(D- r  6 -7 )  8

(D -16 -7 )

(  o-  r  6-7,

(o-r  6-7: }

(o-r6-7)

(o-r6-7,

(o-r6-6|

(  0-  r  6-7,

(o-r6-71

a c b

d a a

9dac

9  cad

I  dbd

I  dbb

21  baa

13  aab

18  abd

28  cab

2400 .  f ee t  no r t h
o f  sou theas t
8 .

L i t t I e .  Bea r  C reek ,  above  con f l uence

" f t n  
Hun t i ng ton  C reek '

L i t t l e  Bea r  SPr i ng ,  O ' f  m i l e  uP

L t t t 1e  Bea r  CanYon

Draw  f l ow ing  no r t h -wes t  f r om h i l l -

; i ; ; , ' ; . i ow  l as t  f o r k ,  L l t t l e  Bea r

Canyon .

M idd le  Fo rk .o f  sou th  b ranch '  L I t t I e

Bea r  CanYon .

M i I I  Fo rk  Canyon  Sp r l ng -nea r  l owe r

; ; ; 1  l oad ing  l r ea ,  I  m i re  uP ' canyon '

Sp r l ng  ) . g  m i l es  up  H i l I  Fo rk  Canyon

on  no i t h  b ranch .

M i11  Fo rk  CanYon ,  I 00  Ya rds  be low

; ; i ; t  sp l i t  i ;  canyon  eas t  s i de '

R t I da  CanYon  C reek ,  l 9  f ee t  above

b r i dge  a t  o l d  He l co  H ine '

Loca t l on *

(D- r6-7)  6



DESCRIPT  ION

STAT IONS

.  q -

TABLE I  eon r t

OF  WATER OUANTITY AND

NEAR HUNTINGTON CREEK

Sta t lon
Code

s-R -2

s-R-3

L  oca t i on *

(D -16 -7 )  29  bdd

(D- r6 -61  I 4  cdb

QUAL ITY  SAMPL ING

MINE NO.  4

Desc r lP t l on

R i l da  Cahyon  Sp r l ngs  wa te r  sys temt
2 .6  m i l es  uP  canyon  on  no r t h  f o r k '

Sp r i ng  nea r  t he  head  o f  R t l da  Canyon '

nea r  uppe r  r l dge -

t

Based  on  t he  we l l  and  sp r i ng  
" " t l e r i ng  

sys tem used  i n  t he
S ta te  o f  U tah .
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s ta t i ons  l s  f ound  t n  Tab le  l  '  S ta t i ons  f ou r  and  f t

and  L l t t l e  Bea r  Canyons  as  we l I . ' a s  s ta t l on  t h ree  1n

r re re  added  f o r  t he  June  Lg77  samP l i ng  pe r i od  a l ong

o the r  e reven  s ta t i ons  sampred  rn  November  L976 ;

ve  l n  C randa I I

R l l da  CanYon

w l th  t he

I

Dur ingeacho f t hesamP l i ngpe r l ods ,da ta } ve reco l l ec ted toassess

wa te rquan t i t yandqua l i t y .F l owmeasu remen tswe rees t ima ted

by  t he  f l oa t  me thod  when  app l i cab le  o r  by  v i sua l  es t ima t i on  1n

theca$eo f }ow f l ows .The f l owu tL i t t l eBea rSp r i ng rYasmea-

su red  a t  a  90o  V -no t ch  we i r  l oca ted  s l l gh t l y  downs t ream f rom the

sp r i ng .D ipsamp les r re rea l soco l l ec t i d f o r che r i i ca l ana l y ' : "

Those  sa rnp les  t o  be  ana l yzed  f o r  t r ace  me ta l s  we re  f l xed  w i t h

n i t r i c  ac i d .  Chemica l  ana l yses  we re  comp le ted  by  Fo id  Chemica l

Labo ra to rY  i n  Sa l t  Lake  C i  tY  '  '  
. .

Fo r  conven ience  l n  mak ing  compar i sons ,  s t a t l ons  s -LB -3 t  5 -HF- l t

and .  S -B - I  have  been  g rouped  t oge the r  and  co I l t " t . t : " 1 t  
: t : : " : -

t he }owersp r i ngs .A l l o t he rs ta t l ' onsw l l l be re fe r red toas

theuppe rs ta t l ons .Th i s r r yasdeemedJus t i f l ab l edue to the

s im i l a r i t l e s  f ound  among  t he  l owe r  sp r i ngs r  as  w i l l  be  d l scussed '

RESULTS AND D ISCUSSION

io

W.a te r  Quan t i t v

IYa te r  i n  t he  uPPer

Ln te rm i t t en t lY  and

o r  nea r  t he  Cas t l e

po r t i on  o f  each  o f  t he  canyons  s tud led  f l ows

o r i g i na tes  as  i n te r f l ow  wh i ch  su r f aces  abo ' ve

Ga te  Sands tone  -  B lackhawk  Fo rma t i on  l n te r f ace

I

t
t
N



and /o r

du  r l ng

du r l ng

Canyon

ove r l and  f

t he  sP r l ng

the  summer

as  P rev I ' ou

- I I -

l ow .  The  f o rmer  p rocess  p resumab l ' y  domtna tes

runo f f  season  wh t l e  t he  l a t t e r  i s  mos t  common

thunde rshower  pe r rod ,  espe . c l a l r y  l n  L l t t l e  Bea r

s l y  dLscussed

Spr l ngs  t h roughou t  t he  a rea  apPea r  t o  be ' su r f ac l ng  p r ima l t t t

above  and  be low  the  B lackhawk  Fo rma t l - on ,  w i t h  l t t t l e  g roundwa te r

ac t l v l t y show ing in theB lackhawk , f i e l dobse rva t l o : " t n .m i

I oca ted  i n  t he  San  Ra fae l  and  P r i ce  R i ve r  Bas lns  have  Shown  tha t

t yp t ca l l y , on l ya l im i t edamoun to f subsu r facewa te r i s f ound ln

the  B lackhawk  Fo rma t i on .  Appa ren t l y  t  even  t houg i l i  f - r ac tu t l ns  
. f  1

t he  a rea  has  p resumab l y  a l so  pene t ra ted  t he  B lackhawk '  t he  na tu re

o f  t he  ma te r i - a I  ( i ' e '  f i ne  t ex tu re )  i s  such  t ha t  t hese  f

have  sea led  and  t hus  rema . i l e . d  l e l a t i ve l y  
lmPer . l eab le '  r t  'wou rd ,

,+"-**** - :  
-  -  -  : - : .F  s :  es enter  the.  ground l -n

appea r ,  t he re fo re ,  t ha t  wa te r  wh i ch  does  enEe r  L r rE '

e l t he r  t he  cas t l e  Ga t i  o r  s t a r  Po in t  sands tone  su r f aces  l n  t he

same  fo rma t i on  i n  wh l ch  1 t  en te red ,  w i t h  ve l y  l l t t l e  pass lng

th rough  t he  B lackhawk '

Subs t rac t i ng  t he  p rev ious l y - i nd i ca ted  annua l  po ten t i a l  evapo -

t !gnsp : ta_ t r *o3  f . rom 
. the  

n6 rma1  annua l  p rec ip i t a t i on ,  t he  expec ted

y le l d  f r om L i t t l e  Bea r  Canyon  shou ld  be  on  t he  o rde r  o f  one  t o

two lnchespe ryea r .Acompar i sonw i t hs im i l a ra reas l ' n t he

nea rby  P r i ce  R l ve r  BasLn  l nd l ca tes  t ha t  an  uppe r  l lm t t  o f  f ou r

l ' n cheso f runo f fm igh tbeexpec ted f romthecanyonannua l l y

( see .u tah  D i v i s i on  o f  l ' / a t e r  Resou rces t  1975 ) '  Measu remen ts  o f

f l owquan t l t i e sa tL i t t l eBea rSp r i ngdu r i ngeacho f t he two

tu  res
. * -

l ' "

,4'4:
W"'*

1 \

I

Pr*Y;
o'Y;.

''4/ r>'
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I

samp l l ng  pe r i ods ,  howeve r  l nd i ca te  
: n  " ve rage  

annua l  y t e l d  . o f

app rox lma te l y  s i x  Lnches  f r om the  sp r l ng  a l one  du r l ng  
. t hg . t o : t t "

o f  1  seve re  d rough t  pe r l od .  Th t s  sugges t s  t ha t  a t  l eas t  a  Po r -

t l on  o f  t he  wa te r  i n  L i t t l e  Bea r  sp r l ng  l s  o r i g i na t l ng  a t  some
- l

po in t  o the r  t han  on  t he  wa te rshed  t o  t he  wes t  above 'Hughes -  has

lnd t ca ted  t ha t  sp r i ngs  i s su ing  f r om f r ac tu res  i n  t he  s ta r  Po in t

Sands tone  be tween  R t I da  Canyon  and  Bea r  C reek  Canyon  t o  t he  sou th

p roduce  f l ows  a t  a  f a i r l y  cOns tan t  r a te r . a lmos t  i ndependan t  o f

season .  Such  a  f au l t i ng  sys tem l s  p resen t  i n  t he  S ta r  Po ln t  a t

"n9  
nea f  L i t t l e  Bea r  Sp r i ng ,  as  i nd i ca ted  by  f i e l d " -obse rva tLons

by  t he  u . s .  Fo res t  sc r v i ce  and  Vaughn  Hansen  Assoc ia tes  '

I t  has  been  obse rved  t ha t  sp r i ng  and  su r f ace  wa te r  f l ow  ra te . s

dec rease  i n  a  sou the r l y  d l r ec t i on  f r om canyon  t o  canyon  l n  t he

s tudy  a rea .  Th . i s  phenomenon  i s  especLa l l y  ma rked  i n  
. t he , l owe r

sp r l ngs  as  seen  i n  F i gu re  4 .  I n  add i t i on ,  i 4 f o rma t i on  supP l i ed

by  t he  U .S .  Fo res t  Se rv i ce  i nd l ca tes  t ha t  t he  number  o f  sp r l ngs

ln  t he  Hun t i ng ton .  C reek  . d ra i nage  
dec rease  as  one  app roaches  L i t t l e

Bea r  Sp r i ng  f r om the  no r t hwes t .  Th l s ,  p l us  t he  i n fo rma t i on  a I -

r eady  p resen ted . ,  l eads  t o  t he  conc lus l on  t ha t  g round  wa te r  1s

app roach ing  t he  a rea  f r om the  no r t h  o r  no r t hwes t ,  w i t h  a  p ro -

g ress i ve  downs t ream dep le t i on  o f  t he  aqu i f e r '

1T . " "uo "  C .  Hughes r '  Assoc ia te  P ro fesso r
men ta l  Eng inb - r i ng ,  U tah  Wa te r  Resea rch
Wr i t t en  commun ica t i on  rece i ved  I 8  Su l y

o f  C l v t l  and  Env l r on -
Labo ra to rY r '  Logan r  U tah '

L977 .
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I ; i  summi r y r ' f r ac tu res  l n  t he  more  Pe rmeab le  sands tones  above  and

be lo r v  t he  B lackhawk  Fo rma t l on  a re  p resumab l y  t he  means  whe reby

g round  wa te r  I s  su r f ac l ng  i n  t he  a rea .  The  p resence  o f  t he  l ess

pe r .meab le  B lackhawk ,  t he  l soLa ted  na tu re  and  re l a tLve l y  sma l l

su r f ace  con t r i bu t i ng .  a rea  o f  L t t t l e  Bea r  Canyon ,  t he  I a rge  f l ow .

measu red  a t  t he  sp r i ng ,  and  t he  sou thward  dep le t l ' on  i n  sp r i n ' g

f l ow  ra tes  t h roughou t  t he  a rea  i nd i ca te  t ha t  wa te r  a t  L l t t l e  Bea r

Sp r i ng  o r i g i na tes  p r i na r i l y  i n  t he  no r t h ,  f l ow lng  t h rough  t he

S ta r  Po in t  sands tone ,  r a the r  t han  o r i g l na t i ng  on  t he  ' r r ya te r shed  t o

the  wes t .

Wa te r  Qua l i t y

The  wa te rs .o f  c randa l l ,  L i t t l e  Bea r ,  M i l I  Fo rk ,  and  R l l da  canyons

a re  a l I  chem ica l l y  ve ry  c tose l y  r e l a ted .  The  ca t i on -an lon  con f t gu -

ra t i ons  f o r  a l l  samp les  co l l ec ted  con f i rms  t h i s  ( see  F iEu re  :

and  6 ) .  A  p rog ress l ve  de te r i o ra t i on  1n  wa te r  qua l l t y  f r om no r th

to  sou th  and  wes t  t o  eas t  l s  a l so  seen .  I t  appea rs  t ha t  i f  t he

wa te r  cou ld  be  i n te r cep ted  h i gh  l n  t he  sys tem and  d i scha rged  w i t h -

ou t  pass ing  t h rough  t he  l owe r  po r t i ons  o f  t he  va r i ous  canyons t

wa te r  o f  a  h i ghe r  qua l i t y  wou ld  be  ava i l ab le '

The  ma jo r  ca t i on  and  an ion  concen t ra t i ons  rema ined  f a i r l y  cons tan t

f r om November  I 976  t o  Sune  Lg77 .  An  l nc rease  l n  magnes lum '  no ted

a t  t he  I owe r  s ta t i ons ,  was  obse rved  i n  3une  w l t h  de -c reases  1n

mos t  o the r  cases .  The  ca t l on -an lon  ra t i os  f o r . a I I  s t a tLons  we re

s im i l a r  du r i ng  bo th  samp l i ng  pe r i ods .  I h .  
f o l l ow ing  l s  a  synops i s

o f  chem ica l  qua l t t y  r esu l t s  o f  t he  samp les  co I ' I ec ted '  S t "  Append l x  A

v n .-)

. L
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cAT I0N-ANr0N  D IAGBAHS OF  SAMPLES CoLLECTED

NOVEHBER I  THRoUGH 12 ,  I 976
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.CETTON.EXION 
DIAGRAHS.OF SAHPLES COLLECTED

l{AY 31 to JUNE 4, 1977
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f o r  a  t abu la r  p resen ta t l on  o f "a l I  r a te r  qua l t t y  da ta  and  Append i x

B  f o r  maps  showLng  t he  l oca t l on .o f  t hese  da ta  l n  t he  f i e l d .

To ta I  D i sso l ved  So l l ds

Thg  recommended  d r l nk l ng  wa te r  s t anda rd  l tm i t  o f  5q0  ng lL  was

e ' xceeded  a t  e i gh t  o f  t he  e l even  s ta t l ons  samp led  l n  t he  Fa l1 .

The  ave rage  concen t ra t i on  was  563  ng l I .  No  samp les  l n  C randa l l

Canyon  we re  i n  excess  o f  500  mg / I .  Du r l ng  Sune  1977  two  o f  t he ,

e l even  s ta t i ons  samp led  had  TDS concen t ra t i ons  i n  excess  o f  500

mg /1 .  The  ave rage  concen t ra t l on  was  46 I  mg /1 .  f n .  two  s ta t i ons

Ln  excess  o f  t he  recommended  s tanda rd  y re re  t he  l owe i  s t a t l ' ons  Ln

bo th  M i l l  Fo rk  and  R i l da .  Canyons .  Concen t ra t i ons  t yp t ca l l y  Ln -

c reased  f r om no r th  t o  sou th  Ln  t he  s tudy  a rea .  .

Ha rdne  ss

tended  t o  i nc rease  as

.J

Hardness  l eve l s

deepe r  pa r t s  o f t he  va r l ous  canyons

.  t he  wa te r  r eached -  t he

I  t  * r ,  ; . 1 ,  . u  )
\ i  |  ' /

{it;'t1;'*
f

4 l ka l i n t t y

I r f b reases  i n

.deepe r  canyon

Ba  r l . um

a l  ka l i n l  t y

a rea .

l eve l s  a re  seen  as  t he  wa te r  r eaches  t he

None  o f  t he  wa te r

o f  1 .0  ng l J - .  The

mg /1 .

samp les  exceeded  t he

concen t ra t l ons  ranged

manda to ry  max imum l im l t

f r om 0 .002  ng lL  t o  O .37
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B lca rbona te

B l . ca rbona te  showed  t he  same

ha rdness .

Bo ron

fn  November  I 97  6 ,  a l l

de tec t i on  l im i t  o f  0 '

f o r  bo ron  ranged  f r om

Lnc reas lng  t r ends  as  a l ka l l n l t y  and

ana l yses  f o r  bo ron  we re  be low  the  I abo ra to r y

0O l  ng lL  I n  Sune  L977 ,  t he  concen t ra t l ons

Iess  t han  o -00 I  mg / l  t o  0 ' 085  mg / l '

Ca l c i um

Ca lc i um-

po r t  i o  n  s

found  i n

con  cen  t  r a  t i  on  s

o f  Hun t i ng ton

R l1da  CanYon  -

L n c r e a s e d  a s

C a n y o n .  T h e

t he  wa te r  r e ,ached  t he  deePer

h ighes t  concen t ra t i ons  we re

Ch lo r i de

Ch lo r i de  i s  o f  I i t t l e  conce rn

max imum concen t ra t i on  f o r  d r i

and  t he  h i ghes t  concen t ra t l on

concen t ra tLon  was  5  mg / l '

i n  t h i s  a rea .  The

nk ing  wa te r  suPP l i es

tounO was  l 0  mg / l '

recomm en  ded

I "s  25A mg/1

The average

C opp  e r

Coppe r  concen t ra t i ons  we re  cons i s ten t l y  l ow '  The  h i gh

t l on  v ras  O .  O4O mg .  l ,  f  ound  i n  L i t t l e  Bea r  Sp r i ng  '  H i I I

and  R t l da  Canyons  du r i ng  t he  November  samp l l ng  pe r i od '

concen t ra t i on  i n  June  was  0 .o35  mg / r  i n  r owe r  c randa l l

F l uo r i de

concen t ra -

Fo rk  t

The 'h i gh

F luo r l de  concen t ra t l on . s

l nc reased  deePer ' i n  t he

a v e r a g  e d  0  .  I S  m g  / 1  '

c a n y o n  s .

The  concen t ra t i ons
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I r on

I ron  concen t ra t i

Uppe r  L I t t l e  Bea

ln  November  L97  6

ons  ave raged  0 .14  mg ' l

r  Canyon  had  t he  h tgh

fo r  bo th  samP l l ng  Pe r l ods '

concen t ra t l ' on  o f  0  '  311  mg / I

J

Hagnes lum

Hagnes ium concen t ra t i ons  ranged  f r om 2 ' 88  mg /1  on  t op  b f  R t l da

Canyon  t o  46 .08  mg /1  a t  t he  l owe r  R i l da  Canyon  s ta t l on '  The

ave rage  concen t ra t i on  f o r ' a l l  samp les  was  25 'Og  ng lL '  The  3une

samp l l ng  ave raged  I o  mg / l  h l ghe r  i n  concen t ra tLon  t han  t he  November

samp les .

Hang  an  ese

No  v i o l a t i ons  o f  t he  0 .05  mg / I

The  ave rage  concen t ra t i on  was

recommended  l im i t  t r e re  obse rved

0 .008  ng lL

'Po tass ium

Po tass ium concen t ra t i ons  ave raged

mg /1  i n  3une .  The  concen t ra t i ons

!h "  deePer  Pa r t s  o f  t he  canyons '

So  d i um

por t i ons  o f  Hun t l ng ton

Sune ts  ave rage  con -

1 .17  mg /1  i n

l nc reased  as

Nove rnbe r

the  wa te r

and  L .99

rea  ched

Sod ium concen t ra t i ons

Canyon .  The  November

cen t ra t i on  was  9  . 6  mg

"/

i nc reased  1n

ave rage  was

T 1
,  L .

- , i . ' , , , ' ' . . - , . . r i r , . " '
' 

\v"1'"
the  deePer

31 .1  mg/1 .



O su l f a te  concen t ra t l ons  i nc reased  f r om no r th  t o  sou th  w l t h  ! h t , i . t i : r ,
. . - - . p " - t " o : :  i -  

, l ) ' i

l,
t .
t .

I
t "
I

l; '
i r

' l

i n  t he  Fa l I  ( 27 .7  t o  167  ng l l )  ove r  t he  Summer  ( l +  t o  66  mg / l ) '

Z i nc

l owe r  wa te r s . .  f n "  ave rage

O.O IO  mg / l  i n  June .

. - /

t a  t hus  f a r  co l l ec ted  i nd t ca te  concen t ra t l on

no r th - sou th  and  wes t -eas t  d l r ec t i on '  f n f t

aga in  I eads  t o  t he  conc lus fo r ,  t ha t  subsu r tace  wa te r  supp l l es

o r l g l na te  f r om one  o f  two  sou rces :  ( I ) 'wa te r  wh l ch  f a l l s  l n  t he

uppe r  po r t i ons  o f  t he  canyons  t r i bu ta r y  t o  Hun t l ng ton  C reek  and

subsequen t l y  i n f i l t r a t es  and  f l ows  eas t r  su r f ac i ng  no rma l l y  above

the  B lackhawk  Fo rma t i on  o r  ( 2 ' )  wa te r  wn f  i f r  en te r s  t he  a rea  t h rough

aqu i f e r s  i n  t he  S ta r  Po in t  Sands tone  f r om the  no r t h r  Poss tb l y .

be ing  f ed  by  Hun t i ng ton  c reek  o r  i t s  t r i bu ta r i es .

Da ta  f r om th i s  s t udy  and  f r om the  208  wa te r  Qua l i t y  S tudy  show

Lnc reases  I n  concen t ra t i on  f r om Lnc reased  con tac t  w l t h  t he  mancos

de r i ved  so i l s .  The  deepe r  t he  canyon '  t he  more  bo th  t he  B lackhawk

fo rma t i on  above  t he  S ta r  Po in t  Sands tone  and  t he  unde r l y l ng  mancos

The  l onge r  t he  f l ow  pa th ,  t he  g rea te r  t he

':'u'tl't 
.'  r l  i  r. ' '

" 
tt:, I

-  20 -

Su l f a te

h tghes t  cohcen t ra t i ons  be ing  f ound

concen t ra t i ons  we re  74 .9  ng lL  and

respec t l ve l y ; .  The re  was  a  g rea te r

1n  R I  t da  CanYon .  
- - " .The  ave rage

4 I . 8  mg l l  I ' n  November  and  Sune

range  o f  su l f a te  concen t ra tLons

i !
l ,

Z inc  concen t ra t i ons

Ln  November  was  0 .0

T1.  wa te r  qua l i tY

grad ien ts  in  bo th

f o rma t l on  a re  exposed .

concen t ra t i on .

i nc reased  i n  t he

55  mg / I  wh l l e  on lY

d a

a
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CONCLUSIONS

l ya te r  quan t t t y  and  qua l l t y  da ta  co l l ec ted  du r i ng  November  L976

and  Sune  L977  sugges t  t ha t  su r f a i e  and  subsu r face  wa te r  en te r s

'  
} . n r h  f n n m  t h e  w e s t  a n d  a l s o  f r o m  t h e  n o r t h ' ' -

t he  i t udy  a re  bo th  f r om the  wes t  and  a l

Because  o f  t he  appa ran t  l i r n l t ed  amoun t  o f  g round  wa te r  wh i ch  f l ows

th rough  t he  l ess  pe rmeab le  B lackhawk  Fo rma t i on ,  wa te r  a t  L l t t I e

Bea r  sp r i ng  i s  suspec ted  t o  o r l g i na te  l n  t he  no r t h ,  f l ow lng

th rough  aqu i f e r s  i n  t he  S ta r  Po in t  Sands tone ,  and  su r f ac i ng  usua l l y

a t  f r ac tu re5  be  i n  t he  f o rma t i on .  f n "  sou thward  dep le t i on  I ' n  f l ow

no ted  a t  t he  l owe r  sp r i ngs  sugges t s  t ha t  t l t t l e  g round  wa te r
.  - t '

wou ld  be  encoun te red  i f  m in i ng  coa l  a t  t he  B lackhawk  Fo rma t i on -

S ta r  Po in t  Sands tone  i n te r f ace  we re  t o  expand  i n  t ha t  dL rec t i on '

)  The  wa te r  t ab le  a t  L i t t r e  Bea r  Sp r i ng  i s  be low  the  coa l  seams

to  be  m ined .  C randa l l  Canyon  se rves  
' as  

a  ma jo r  i n t e i cep to r  d ra l ' n

cu t t i ng  i n to  t he  S ta r  Po in t  Fo rma t i on .  These  cond i t i ons  i nd i ca te

tha t  i nc reased  m in ing  p roposed  by  Sw ishe r  Coa I  Company  wou ld  have

l l t t l e  o r  no  a f f ec t  on  t he  L i t t l e  Bea r  Sp r i ng '

lYa te r  quan t i  tY  and  qua l i tY

ope ra t i on  t o  documen t  t he

shou ld  be  mon i t o red  du r i ng  t he  rn i n i ng

impac t  on  ad iacen t  g round  * " t " t '
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RAW }YATER QUAL ITY  DATA
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O
HATER QUALITY

HUNTINGTON

SWI-SHER

B- l

SAHPLING LOCATIONS

CREEK MINE 4

COAL COHPANY

A
- N -

I
C

0,b
s-c-4

s-c-5
0.7

s-R-3 0
0,ooy

Vaughn Hansen Assoc iaEes
5 6 2 0  S o u t h  1 4 7 5  E a s E
S a l t  L a k e  C l t y ,  U t a h  8 4 1 2 1

s-c-2
ranaal j It tYoo

s-c-1

s-c-3
4 ,5

L l  L t I e B e a ; c"typo

s-LB-1s_;B_3

tc
c
c

f9
\?

o,3
s-LB-2

.s-IlF- 2
S-L8.5

s-MF-3
t ,33

s-LB-4
o.ol

Fork

s-R:2

ParameLer
D a t e

(spTi1e)

O,l
s-!.rF-1

c)
r{
o

r ( o

s-R-1
o.o{

NOTE:  S ta{ i i rns  marked in  red

a r e  o u t s l d e  o f  s t a L e  l i m i t s

fo r  the 'samPle  taken dur ing

the  
"bo . re  

sarnP l ing  Per iod '

L IMITS:
lower

2  m i L e s

S c a  L e

u P P e r



B-2

l.rATER QUALITY SAHPLING LOCATToNS

HUNTINGTON CREEK.HINE 4

SiIISHER COA]- COMPANY

s-c-4
0,8

s-c-  2 s-c-3
. a.3

A
- N -

il.\s-c-5

s-R-3 0

Vaughn Hanseo Assoc ia tes
5 6 2 0  S o u t h  1 4 7 5  E a s t
S a l t  L a k e  C i t Y ,  U t a h  8 4 1 2 1

cranaall IarrYo$
s -c -1

0.0a2

L i  t t l e B e a

-  t . o l
s-HF-2

s-LB-5

s'-ur-3
[]*1't;t;.j"1

z
<{
Irt)-rn

c"tyon d,/L
s-LB-2

o
o

r O

Fork

-R-2

Paramete r .
D a t e

o,6
s-uF-1

,//o

NOTE:  S ta t ions  marked in  red

" t " - " " a t i d e  
o f  s t a L e  L l m l t s

i" i  art"  samPle taken during

a i "  
"u" " "  

samPl lng  Per lod '

LIHITS:
Iorler

S c a  1 e

uPPer

2 r n l l e s
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wATER QUALTTY SAHPLTNG LOCATToNS

HUNTINGTON CREEK MINE 4

SWISHET{ COAL CO}TPANY

3b
s-c-4

s-c-2

A
- N -

fis-c-5
3q

g
s-R-3 a

Vaughn Hansen Assoc ia tes
5 6 2 0  S o u t h  1 4 7 5  E a s t

'Sa I t  
Lake C l tY ,  Utah  8412t

t'- \_. anda I  I f-"oYos
s-c-1

s-c-3
1A

L i t t I e Beg Canyon

50 s-LB-1s_;B-3

t€c
f

)
lq '
\ o o:

,.)

A
v

57
s-LB-2

s-LB-5

s-HF-3
37

tr-rr-o (tP'j*el
q2

q
l o
\ ( c

LZ
s-ur-1

Fork

s-R-2

Parame t  er

Da te

LIMITS:

s-R-1
LL

a r e  o u t s l d e  o f  s t a t e  l i m i t s

for the samPle t 'aken during

the  above samPl ing  Per lod '

up C et-25 o arff RKom m'd(d

1 t  o  1 ,  
1mi les. .  r '  !  I t  I  t

: - : - - : - .  - -  L  '

S c a I e

o



B-4

r.lATER QUALTTY SAHPL1NG LOCATToNS

HUNTINGTON CREEK MINE 4 .

SIJISHER COAL COMPANY.

t

s-c-4
t7 ,7

s -c -2

A
- N -

ils-c-5 crana"Il -"''Yott

s-c-1
q0

L l t t i e

s-LB-5

s'-I.[F-3
s3

D a t e

s-c-3
37,7

Bear 
-CaP"on

t-|l-tr^lu .?tr-trlo tto;;,?*'

tz?
s-ur-1

Fork .  -

s -R-1
/lz

ta
s-LB-2

g
, o
r ( D

I
s-R-3 0

NOTE:  S ta t i ons  marked  i n  red

a r e  o u t s i d e  o f  s t a t e  l l m l t s

fo r  t he ' samP le  t sken  du r l ng

the  above  samPl ing  Pe r l od '

L IM ITS :
Vaughn  Hansen  Assoc ia tes

5 6 2 0  S o u t h  1 4 7 5  E a s t

S a l t  L a k e  C i t Y ,  U t a h  8 4 1 2 1

Paramete f

L o w e r  .  , ,  , , ' -
upper 25D m?/J rf"ctn*na'z

//

r ' , , , , ) , , , ,a ,  , , ,  
1  

lml les7 _ - - - _ -  -

c -  . 1 .
I



B_5

$ATER QUALITY SAHPLING LOCATIONS

HUNTINGTON CREEK MINE 4.

stJlsHER COAI, colrPAllY

s-c-4

A
- N -

Itlo
s-c-  2 s-c-3

{50
2o

c
a

\.i^'t
_.)

s-c-5

s-R-3 a

Vaughn  Hansen  Assoc ia tes
5 6 2 0  S o u t h  1 4 7 5  E a s t

Sa I t  Lake  C i tY ,  U tah  84127

fs@

IarrYos
s-c-1
qvE

L i t t l e
-Caaygn a

s-LB-2
B e a r

Fork

LIHITS:
lower
u P P e r

ap
s-HF-2

s-LB-5

S'.MF.3
4

g
I G
l o

p
s-uF-1

s-R-1
&

D a t e

NOTE: Stat ions rnarked ln red

" . "  
o , r 'a t ide  o f  s ta te  l im i ts

io r  the 'samPle  taken dur ing

th"  
"bor re  

saoPl iag  Per lod '

Paramete r

1  , , , ) , : , , o ,  , ,  
r  

\m i l es:_ - - -
S c a I e



I.IATER QUAITTY

HUNTINGTON

SIJISHER

B-6

SA}TPLING LOCATIONS

CREEK I{INE 4

COAL COHPANY

t2.o
s-c-4

s-c-5
4zz

craodat) eaoYoo

. '  L i t t1e Bear, c"tyoo
tt-tt-ffi

t?13-i (-sprtng)
{78

s-c-3
3?D

i
- N -

fi
^.!

*
I
)
(r

t
l%
\ o e

taa
s -LB-2

.s-ur-2
s-uF-3

{50

hTI;

s-LB-4
?zo

Fork

&
s-HF-1

g
o

r ( D

270
s-R-3 a

oo
G;t

. C;s'1":il'ilrl';:,':"'""
S a l t  L a k e  C i r y ,  U t a h  8 4 1 2 1

-n-z

s -R-1
@

er'^ "c., 7iL/ D,Lso/uc/ .1o/i/s
D"t" m^r-?/. rt Jtrnc 4 /?77 -

/
NOTE:  S ta i lons  marked in  red

a r e  o u t s i d e  o f  s t a E e  l i m i l s

for the samPle taken during
the  above samPl ing  Per lod '

L IMITS:
lorrer
u P P e r

1 ! O 1 2 m l l e s
. 11 rt !-t t-l Ft F----------l

S c a  l e



g-7

r.rATER QUALTTY SAITPLTNG LOCATIONS

HUNTINGTON CREEK UINE 4

. SWISHER COAL COMPA}IY

L3b
s-c-4

A
- N -

fis-c-5
, ,8D

s-c-2 s-c-3
I ,D Dcranaall G-oYoo

s-c-1

. '  L l t t le B e a Canygn

s-LB-1s_;B_3

.S .HF-2
a.

s- 3 -t1-J 
Ger'"z)

s-MF-3 2 , 5 0

t.5D

3,rD
s-!{F-1

2c
t<

t
i d

t6
) . : -

/ ,5b
s-LB-2

L D '
tB-5 ()

l o
\ o

/5,o
s -R-3  a

ltrti
Fork

-R-2

s-R-1
0,70

Paramete r
Date

NOTE: Stal ions marked in red

a r e  o u t s i d e  o f  s t a t e  l i o i t s

for the samPle taken durlng

the  above samPl ing  Per iod '

1 } ,gh .  Hansen Assoc ia tes
t l2O South  1475 East
S a l t  L a k e  C i t Y ,  U t a h  8 4 1 2 1

LIMITS:
lorrer
uPPer,

1 ! O 1 ? m i l e s
. F t t - t - t - -  f f

a . -  -  l  - -
J g O I g



B_8

TIATER QUALITY SAITPLTNG LOCATT'ONS

HT,NTINGTON CREEK HINE 4

SIJISHER COAL COHPANY

s:c-4
/ .ha-

s-c-2 s-c-3
z.zo

A
- N -

Is-c-5

s-R-3 0

V a u g h n  H a n s e n  A s s o c i a t e s
5 6 2 0  S o u t h  1 4 7 5  E a s t
S a I t  L a k e  C i t Y ,  U t a h  8 4 1 2 1

crraa.I) 6oYoo
s-c-1

/'/O

2
2
c
0

i *\sI

L l t t l e

s-LB-5

s-ur-3
/,lO

""n"-oo
l ,5A

s-LB-2

[:;:':'?4;i']g
o

r O

3.50
s-xF-1ttrl;

Fork

Parameter
D a t e

NOTE:  S ta t i ons  oa rked  l n  red

a r e  o u t s i d e  o f  s t a t e  l i r n i t s

for  the 'samPle taken dur ing

the  above  samPl ing  Pe r i od '

LIHITS:
Iower
u P P e r

l t o l z m i l e s
_ ^ _ _ _

Q r  a  I  o

S - R - 1
/'&



B-9

I{ATER QUALITY

HUNTINGTON

SHI.SHER

SAHPLING LOCATIONS

CREEK HINE 4

COAL COHPANY ;

z90,tl
s-c-4

s-c-5
290,1

A
- N -

Is-c-2 s-c-3
2&t5cranaatl IaoYos

s-c-1

LtL t le B e a E Canyon

3t'1,8 s-LB-1s_iB_3

3tvz
s-LB-2

.s-Nr-2 s-LB-5

s-HF-3
S tvy

s-LB-4
zE3.

Fork

-R:2

( S p r i n g )
35L'z R

t o
L ( !

11Z-,tr
s-R-3 0

Ytt,z
s-MF-1

s-R-1
?3t,?

Ga9

Paramete
D"zeJnof3//o-:

NOTE: Siat lons marked ln red

" i " - " "a t tde  
o f  s ta te  l im i ts

i"r  at t"  samPle Eaken durlng

;; ;  ; ; """  sarnpring Period'

Q;;rT"::l' ;1, 1";:: : "'""
s " t c  t - " t e  C i t Y '  U t a h  8 4 1 2 1

LIHITS:
lower

. S c a  1 e

u P P e r

2  m i l e s



B-  10

LIATER qUALITY SAHPLING LOCATIONS

HUNTINGTON CREEK MINE 4

SWISHER COAJ, COHPANY

s-c-4
{T€:\ s-c-3

3tzS

A
- N -

ils-c-5

s-R-3 'a

Viughn  Hansen  Assoc ia tes

5 6 2 0  S o u t h  1 4 7 5  E a s t

s a l t  L a k e  C i t Y ,  U t a h  8 4 1 2 1

craaaatl 6-aoJoo
to

(
0

r%
\ ."a

s-c-1
300'/

L i t t le B e a E
'Canypn

'!J"t,
o
r{
f o
| ' o

I
s-LB-5

s''l{F- 3
373,3

3YhL
s-MF-1

Date

Fork

L IMITS:
lower
uPPer

s-R-1
37t.2

NOTE: Stat ions marked ln red

" t . - " " a t i d e  
o f  s t a t e  l i m i t s

f " .  a t r .  samPle taken dur ing

l i .  .u"te sarnPllng Perlod'

r  r  o  1-  1mi les
. -- t-, t-t - !- t-: 

-

S c n I  e

Paramete r



B. I I

$ATER QUALTTY SA-I{PLTNG LOCATToNS

HUNT].NGTON CREEK HINE 4

SIIISHER COAL COHPANY

733
s-c-4

A
- N -

il2
an

o
l%
\?-f

s-c-3
2tbs-c-5

278 r
cr.aa.II- IarrYos

s-c-1

. '  L i t t le Bea,! C.nygn

z5E
s-LB-1s- ;B_3

Z[ 'D
s-LB-2

.s-Hr'- 2
s-LB-5

s-HF-3
252

s-LB-4
z3z-

Fork

s-R-2

Parame ter

D a t e

( S p r i n g )
zqz

328
s-HF-1

c)
l o
l o

t5x
s-R-3 0

S . R . 1
ss/

NOTE:  S taJ ions  marked-  1" . : td

" t " - i " a " i d e  
o f  3 t e t e  l l r u l t s

f" i  atr"  samPle taken durlng

; ; ;  ; ; ; " .  sampl lng  Per lod '

lgh"  Hansen As .soc ia tes
810 So, r th  1475 East

Sa l t  Lake C i tY ,  Utah .  84LZ l

L IHITS:
lolJer

u P P e r

1io11m' les -
S c a l e



B-  1Z

WATER QUALTTY SAI{PLTNG LOCATIONS

HUNTINGTON

SlJISHER

CREEK MINE 4

COAI COMPANY

s-c-4

s-c-5 cranaal]

238
s-c -2 s-c-3

75/'rtOtr

I
- N -

il
TJ

s-c-1
zyb

Litt ' le

s-LB-5

s-uF-3
3oG

[']l;'?;i?i,".J
S-LB-4 

- 
Z9z

2
0
fq

i r €

I 
-f,

\ . a

( , -

Beat-
'Canygrr

Ztz
s-LB-2

9'
l o
t e

s-R-3 a

Fork

3/5
s-R-2

Paramete r
Da te

270
s-uF-1

S-R-1
3/O

NOTE:  S ta t i ons  marked  l n  red

";.-;";; ia' 
or st 'ate 1ti1::

;;; ;; samPl'e taken during

;.  ; ; ; "e t" tnPring Period'

e;3":"::;' ;l,i';:: l' :
s r i .  L a k e  C i t Y ,  U t a h  8 4 1 2 1

LlHlTS:
lo l rer
u P P e r

S c a l  e

2  m i l e s



B-  l 3

WATER QUAlrrY SAI'IPLrNG LOCATIoNS

. HUNTINGTON CREEK UINE 4

SWISHER COAL COHPANY

s-c-4 za
s-c -2 2

0
C<
f

A
- N -

Is-c-5 cranaal) 6-aoJo$
s-c-1

z3{

-  L 1 t t l e

t - * - :

s'-ur-3
zy{

s-c-3
z7b

BeaE Canyon

1
J

a
*

o' 9

3P
s-LB-2

['-,'F;'1#;r"rJ
S-LB-4  

'Z?8 C)
i{

o
r O

s-R-3 0

Fork

35y
s-xr-1

s-R-1
37o

382
s-R-z

Date

NOTE:  S ta t i ons  marked  i n  red

; ; ; - ; " ; " i de  o f  s ta te  l l u t iEs

; ; ;  ; ; ;  samPle taken dur ing

; ;  ; ; ; "e samPl in.g Per lod '

Q;r.3"lil'il,1';::1": "
l " f .  L a k e  C i t Y ,  U t a h  8 4 1 2 1

LIMITS:
loser
u P P e r

Parameter

S c a I  e

2 m l l e s



B-  14

r.tATER quAlrTY SAI{PLTNG LOCATT'oNS

sufttrxctoN cREEK HrNE 4

SI.IISHER COAL COI'{PANY

2rz
s-c-4

A
- N -

ils-c-5
Zlrz

s-c-2
c."na"I) Gt'Yo..

s-c-1

s-c-3
z$8

L l t t I e Beg-- Canyon

2c(
t

fq
\?
t - -

t,

,_)

3oE
s-LB-2

,s-HF-2
3oo

s-LB-5

s-Nr-3
TJqY

s-LB-1s-LB-3 |
,  (SPr ing)

S-LB-4 
'3i lo

zby

3yD
s-HF-1

q
t ol oo

l7b
s-R-3 a

Fork

-n-z

ParameEer
Da te

s-R-1
3?o

NOTE: StaJ ibns marked-  1" . : "d

" t "  " "a " i de  
o f  s ta te  l i 'mL ts

; ; ;  the samPle tsken dur ing

t i "  
"U". te 

s-amPl lng Per lod '

l*"L:il'il,1';:::""'
S a l t  L a k e  C i t Y '  U t a h  8 4 1 2 1

LIHITS:
lor.ter
u P P e r

1  I  o  t  ? o i l e s
- _ : _ _

S c a l e



!
t
l -

I
i :
t .

I
t
L
I

I
I

l .
I
I
l =

t .

I
i . :

t .

i

j

o'
L - =

HATER QUALITY 
q:iJNG LOCATIONS

HUNTINGTOT Pi:r HINE 4

" SWISHER r-.COMPANY

i aVta

A
- N -

I

I

s-c-4 
dE ilrc

/ 
Lit'tle B;,2;caaY'"\ a'oB_/ _\r-+( 

s-LB-2
--4s;L,,1*s-rs-g t

o.oa5 s-LB-5 l1 : : :  (spr ing) \  .

+!€:l 
s-^'n-'{ o'os7 

\b

s-R-3 o

Fork

a,02.
-R-2

Parameter
Date

LIHITS:

o'37
s-HF-1

s-R-1
d.bz1

k"

a

r/t

NOTE: Stat ions marked in red

a re  ou ts ide  o f  s ta te  I ' im l t s

for Lhe samPle taken during

the  above  samPl ing  Pe r i od '

Vaughn Hansen Assoc ia tes
5 6 2 0  S o u t h  1 4 7 5 .  E a s t
S a I t  L a k e  C i t y ,  U t a h  8 4 1 2 1

-, -. --- -

upper, / .ozt?/(  r fu.z&furzt

s-c-4

t .= J: = o- t, 
lmlles

. r r n n n n - - - -  ' l e



B-  t6

ITATER QUAIITY SAMPLING LOCATIONS

HUNTINGTON CREEK HINE 4

SI.TISHER COAL CO!{PANY

0,09b
s-c-4

A
- N -

ilsc
ac

c
. @
l r <\sI

- J

s-c-5 s-c-2

0,0t5
craaaat) 6"oYon

s-c-1

s-c-3
4,o1?

ilrs
s-LB-2

€-HF-2
.  ( S p r i n g  )

l roDs

0,aoy
s-ltF-1

L L t t l e Canypn

6,//o s-LB-1s- ;B_3
s-LB-5

s-ur-3
s-LB-4

d,/ob
0,ooZ

Cl

o
\ o

t,oo3
s-R-3 0

Q " t  H a n s e n  A s s o c l a L e s -

5 6 2 0  S o u t h  1 4 7 5  E a s t .
S a l t  L a k e  C i t y ,  U t a h  8 4 1 2 1

tQti
Fork

s-R-1
o.o/z

:5

Parame ter .\l 4ltrr..'v.r'

Date '\lNa.,"r 3\ lo

NOTE:  S ta t i ons  marked  l n  red

a r e  o u t s i d e  o f  s t a t e  l i m i t s

for the samPle taken during

t.he above samPling Period'

L IHITS:
Lolaet , ,
uppet J o mfi/.( :rla da le rf-

1 l o1Zmi l es

o c a  r e



B -  I 7

TJATER QUALITY SAHPLING LOCATIONS

HUNTINGTON CREEK HINE 4
' 

sl.llsHER COAL COHPAIIY.

s-c-4

A
- N -

Is-c-5
s-c- 2

crano"Il IaoYan
s-c-1

s-c-3

L L t t l e Beg C"oypo

2
0
(<

0
%

o
Io

s-LB-2

i-ur-z s-LB-5

s'-HF-3

Is-LB-1s_LB_3 I
' r - t r -o  (SPr ing) g

l o
i o

o
s-R-3 a

Fork

s-Nr-1

s-R-1

All so-7Ls
( o.ool ̂ff

i3'1":ll'il, i'i::: "' ""
* t t  t . t e  C i t Y ,  U t a h  8 4 1 2 1

D a t e

NOTE:  S ta t ions  marked in  red

a i e  o u t s i d e  o f  s t a t e  l l m l t s

i" ;  the samPle taken durlng

t i"  tuo.,"  samPliag Period'

LIHITS i  '

lorrer
uPPer

1 l 0 1 2 m i l e s

Parameter

S c a I e



B-  18

TJATER QUALITY SAHPLING LOCATIONS

HUNTINGTON CREEK HINE 4

swlsHER COAL COI'{PA}|Y"

o. oltl
S-C:4

A
- N -

Is-c-5 crana.i G-aYou
s-c-3
(l,ool

*oc
<f

c
t%\ o
) : -

0.or q

. '  L l t t le
- Canyon 6,otz

s-LB-2
0.otz S-LB:1r- f"-3
s-LB-5

s-LB-4
l, ol5

(Spr. tng )
a,ot7

'  0 ;a l f
s-MF-1

I
t o
r ( cs-ur-3

o,0lb

0,ot?
s-R-3 0

tQr;
Fork

s-R-1
D,OEs

Parane te r

a r e  o u t s i d e  o f  s l a t e  l i m i t s

for the samPle taken during

the  above samPl ing  Per iod '

r^ - .Ehn Hansen Assoc ia tes

i S  S o u t h  1 4 7 5  E a s t

S a l t  L a k e  C i t Y ,  U t a h  8 4 1 2 1

LIHITS:
Ioser
u P P e r

r L o 1 2 m l l e s

- S c a I e



B -  1 9

WATER QUALTTY SAHPLTNG LOCATTONS

HUNTINGTON CREEK HINE 4
. SI.IISHER COAL COHPANY

s-c-4
{8

s-c-2 s-c-3

A
- N -

ils-c-5 crana_I) l"oYoo t6,f
s-c-1
48.8

L i t t l e Bj1can"o,,

s-lB;lg--i, 
.ttr-r"-o $pri",S)

2c
c<

o
, G
l d

\?r ---J

o

88
s-LB-2

8E
s-MF-2

s-LB-5

s-ur-3
62,9

g
o

r O

s-R-3 0 ///e,8' s -MF-1

Fork

s-R-1
too.8

NOTE:  S ta t ions  marked ln  red

a r e  o u t s i d e  o f  s t a t e  l i m i t s

for the samPle taken during

the  above samPl ing  Per iod '

LIHITS:
lower
uPPer

V e - ' q h n  H a n s e n  A s s o c i a t e s
q l ,  5eush 14?5 East
sEFt  Lake C i ty ,  U tah  84121

1 t O 1 2 m i l e s

S c a l e

Parameter



B-20

l.rATER QUAUTY SAHPLTNG LOCATTONS

HUNTINGTON CREEK HINE 4

SWISHER COAI, COMPANY

L/.L's -c -4

A
- N -

fis-c-5 s-c-2
6oYoo

s-c-3
q8

2
t
f

t
f%
\?

(r /
'n1'r,

s-c-1

:  L l t t I e Bq-9- canypn 53'b
s-LB-2

7z,g .
s-LB-5

s-LB-1s_LB_3

.s-ur-2
s-HF-3

s-LB-4'5L ,8 '
(sprine)l I

l o
\ ( D

lc3,z

L3,z
s-R-3 a 7Z

s-MF-1IIT 
TI

Fork

s-R-1
7f'z

Paxaneter - Ca/&tuo! :
i " r "  f ' ,  rS . : *  1  'o77

N O T E :  S t ! t l o n s  m a r k e d  i n  r e d

a r e  o u t s i d e  o f  s t a t e  l i m i t s

for the samPle taken during

the  above samPl ing  Per iod '

' ^ rshs  Hansen Assoc ia tes
I 0  S o u c h  1 4 7 5  E a s E

SXt  La te  C iey ,  Utah  84L2L

LIHITS:
losel
uPPer

1  !  0  1  T m l l e s

- - ' i - - . : - - . - - - - -  .

( r  r  I  a



wATER qUALITY

HUNTINGTON

SL]ISHER

B- Z1

SAMPLING LOCATIONS

CREEK MINE 4

COAI COHPANY ,

s-c-4

s-c-5

A
- N -

I
J

z
s-c-2

aadal  
I

GoYoo
s-c-1

/,5

L i t t le

s-c-3' {

Bg!- C.oygg 6
s-LB-2

as
s-ur-2

s-LB-5

s'-xF-3
z

Is-Lu-1s_r.s_g j
3_*_o (sp't'.e) g

r o
\ o

s-R-3 0 8
s-MF-1

Fork

L
R-2

r . rghn Hansen Associates
i l  South  1475 East
Sa l t  Lake C i tY ,  Utah  84 !? t

P ar ameter - - C/,/r'trfa/& -
D^t"- lo6bir 8-/2,, t97b

NOTE:  S ta l i ons  marked  i n  red

a r e  o u t s i d e  o f  s t a t e  I l m i t s

for  the samPle taken dur ing

the  above  samPl ing  Pe r i od '

LIHITS:
' io-;et .

uppe:.- 75o nt?r/{ n-annuacz

1 l 0 1 2 m i l e s-

S c a l e



_  
8 - Z ?

WATER QUALITY SAMPLINC LOCATToNS

HUNTINGTON CREEK HINE 4

SWISHER COAL CO}IPANY

.rt
s -c -4

A
N -

fis-c-5
b

I
s-R-3 a

*T"lll'il,i';::1"'""
S a l t  L a k e  C i t Y ,  U t a h  8 4 1 2 1

s-c-3
IeoYos I

L lEt le Bea.1-. Canysn

s -LB-1s_ ;B_3 .

s-c-2

' ,

s-LB-2
{

's-MF-2
o

s-LB-5

s-ur-3v
9'

6 o
(!

./o
: s-MF-l

Fork

s-R-1
b

Parame ter

Da  te

NOTE: Sta'Eions marked ln red

3:lp-o 
(sPrrng)

a r e  o u t s i d e  o f  s L a t e  L l m l t s

for the samPle Eaken durlng

the  above samPl ' ing  Per iod '

L IMITS:
lower
u P P e r

1 ! o 1 2 m l l e s

S c a i e

I



o
B-  23

IIATER QUAITTY SAHPLING LOCATIONS

HUNTINGTON CREEK HINE 4.

ST.TISHER COAL COHPANY

4,ooz
s-c -2s-c-5

s-c-3
o,0z{

2
,

(l

t
fq
\i

A
- N -

I
c

cr.na"l) 6-oYoo
s-c-1
6.N7

L i t t l e B e a E
'Canyga

d,o3l.
s-LB-2

f?ti':tmq
r O
\ G

s-LB-5

s-HF-3
d,&z

s-R-3 o d.Dy0
s-HF-1,rtri

Fork

d,oy6 -
-R-2

s-R-1
o.03O

NOTE:  S ta t i ons  marked  i n  red

a r e  o u t s i d e  o f  s t a t e  l l m i t s

for  the samPle taken dur lng

the above samPl lng Per iod '

' -  u e h n  H a n s e n  A s s o c i a t e s
- o  s o u t n  t q 7 5  E a s c
Fa l t  Lake C i ty '  .U tah  84121

L lH ITS :
Lower
u P P e r

' t  L  o  L  z m i l e s

S c a I e

Paramete r



B-  24

WATER QUAllrY sAl{PLr.Nc LocATroNs

HUNTINGTON CREEK MINE 4

SIIISHER COAL COMPANY

D-ozo
s-c-4

t

s-c-2 s-c-3
d o35

A
- N -

fi
. l

s-c-5
o,oob

andal 
I

's-ur-2

s-c-1

Ll- t i le Canyon

O toOL
s-LB-1s-;B_3

s-LB-5

6nYos

}ITI;

2
I
(<

I
f *
\?

o,o/{
s--LB-2

s-I.B-4
s-HF-3 0, o//

tpo3

(Spr ing)
O,O/O

o
l o\ { oo

d'ef
s-R-3 0 0, oay

s-Nr-1

Fork

s-R-2

Parameter
D a t e

LIMITS:

s-R-1
o,o oL

a r e  o u t s i d e  o f  s t a t e  l i m i t s

for the samPle taken durlng

the  above samPl lng  Per lod '

t--- ; .shn Hansen Associafes
: t r  soucn - r .+75 Easc-
Sa l t .  Lake C i ty ,  U tah  84LZ l

\  n o c r

ul e " 
tToo/Z Eco--e,Jer{'

1 t 0 1 ? m l l e s

S c a ! . e



8-25

HATER QUALTTY SAilPLTNG LOCATTONS

. HUNTINGTON CREEK HINE 4

SWISHER COAL COHPA}TY

s-c-4
s!l5z

A
- N -

ns-c-5 cr"na.i taojon
s-c-1
4,17

L i t t I e

A,6
s-MF-2

s-LB-5

s'-uF-3
a,/L

s-c-3
L17

Bear,
'Canygn

t-rlrta tg:ir.1

3-;:. 
(sPrrrag)

boZ.
s-xF-1

Fork

s-R-1
0,zo

L IH ITS :

*c
I
C<

0
\%
\?t

LJ
I,t7

S.LB-2

g
o

r ( D

s-R-3 a

paraaeter .F/tzorta/e -
D"rc r{ooP,nkr K- lZt 17 /b

NOTE:  S ta t i ons  oa rked  i n  red

a r e  o u t s i d e  o f  s t a t e  l i m i t s

for  the samPle taken dur ing

the  above  samPl ing  -Pe r i od '

'e;3T"1:l' ;;,i';::l "' "'
'  

5 " 1 t  L a k e  C i t Y ,  U t a h  8 4 1 2 1

e a  -  l  a

uPPer

2  m i  l e s



8_26

WATER QUALITY SAHPLTNC LOCATIONS

HUNTINGTON CREEK HINE 4

SWISHER COAL COHPAI{Y

0,1?
s-c-4

A
- N -

fis-c-5 s-c-?
6-.'Yoo

s-c-3
D,Z O

t,17 s-c-1

Ll t t ' le Beaq
'Canyon

o,zl
s-LB-2-

e:13-;
s-LB-1s_tB_3

€-MF-2
s-HF-j

s-LB-4
d.z3

(Spr ing)
O'23

o
o

r O

o/$

Orll
s-R-3 a 0,ZZ

s-HF-1

Fork

s-R-1
'O,8

Paramete r
D a t e

NOTE:  S ta l ions  marked ln  red

a r e  o u t s i d e  o f  s t a t e  l i m i t s

for  the samPle taken dur ing

Ehe  above  samPl ing  Pe r l od '

l ghr  Hansen Assoc ia tes
5 l l?O South  1475 East
S a l t  L a k e  C i t Y ,  U t a h  8 4 1 2 1

LIHITS:

u P P e r

2  m i l e s



B-27

IJA?ER QUAIITY SAHPLING LOCATIONS

HUNTINGTON CREEK HINE 4

SWISHER COAL COI'{PANY

s-c-4

s-c-5
o,/75

s-c-2

A
- N -

ilco.aa.t) G*Yoo
s-c-1
t47

L i t t l e

s-LB-5

s--HF-3
4.066

s-c-3
d,/56

Bear Canypa

2
0(

)
t%
\?a

,j

o

d,/z?
s-LB-2

[ t*S1t-ie-g I
tr_""_o (sgoring) o

r{
o

s-R-3 0 a/h3
s-HF-1

Fork

o,zts
- R - 2

s-R-1
d,/73

Date

NOTE:  S ta t i ons  marked  i n  red

a r e  o u t s i d e  o f  s t a t e  l i m i t s

fo r  t he  samP le  taken  du r i ng

the  above  samPl ing  Pe r i od '

L IH ITS :
'l 

etvet

uPPer 2'3 n;z-/J /l-€(htzrn?'rt/?1,it::l$.ii;:H:i';,,
r  l *  O  1  Z m i l e s
- 1

F F F F F :  '

Parameter

- sc :  ! . :



B-  28

I'ATER QUALTTY SA.FIPLING LOCATIONS

HUNTINGTON CREEK HINE 4

SIJISHER COAL COHPANY

0 , t 9 0
S - C - 4

s-c-3
aJn

A
- N -

fi
0

s-c-2s-c-5
b,Ot t l

cr.na.I) I*Yoo
s-c -1

. ' L l t t l e Beaq

0 ,053 s-LB-1s_;B_3

t
C
)
C<

c
r%
\?

, --.

cttyoo a.zb?
s-LB-2

_b

:

-s-HF-2 s-LB-5

s-HF-3
t,072

s-LB-4
o,o?b

(Spring)
0.ty6

g
l o
\ oo

0,062
s-R-3 a t, /3y

s-ur-1
Fork

s-R-2

s-R-1
,' lll2

. OFT"r;'il,l';::1""''  
S a l  t  L a k e  C i  t y ,  U t . a h  8 4 1 2 1

Paraorer-er- -..Zran (7o*4.. .--
D^r" .z7o@ &ne 4t t777

I
NOTE:  S t i t ions  marked in  red

a r e  o u t s i d e  o f  s t a l e  l i o i t s

for che samPle taken during

t .he  above samPl tng  Per lod"

L IHITS:

fiiz:
//

2  m l l e s



B-  29

r.tATER QUAITTY SAHPLING LOCATToNS

HUNTINGTON CREEK HINE 4

SWISHER COAL COHPANY.

z 5.12-
s-c-4

A
N -

fis-c-5
z,t ,16

s-c-2

s-c-1

. '  L lC t le

s-LB-5

s-HF-3
z5,tl1

6-"oYo.'

s-LB-4
z?,28

Fork

-R-2

Parame Ler

Da te

Bea Canyon y/'7t2
s-LB-2

s-c-3
3o,72

:

2
c(r

r i
l e
t6
\ , "

Ll'

zf .32 s-LB-1s_;B_3
(Spr ing)

37,r|Y

gt.vo
s-ur-1

o
r ( D
\ o

2,88
s-R-3 0

s-R-1 '
41,o8

NOTE:  S ta t i ons  marked  l n  red

" t "  
o , r t s i d e  o f  s E a t €  l i m i t s

ior the samPle Laken during

Ei "  
"uo . 'e  

samPl ing  Per lod '

L IMITS:
loser
u P P e r

> c a l ' e

, *;"L:ll'il,l';:::""'
S a l t  L a k e  C i t Y r ' U t a h  8 4 1 2 1

2 o i l e s



B-  30

l.lATER QUALITY SAXPLTNG LOCATToNS

HUNTINGTON CREEK UINE 4

SWISHER COAI- COHPA}TY

s-c-4
zy,q6

s-c -2

A
- N -

fis-c-5 c".aa"Il 6oYoo
s-c-3

12,9t
2
. )(

I
t%
\gl

s -c -1 '
ry,st

L i t t l e Bear
'.Canypn

lq,zb
s-LB-2

/?26
s-HF-2

s-LB-5

s'-HF-3
{::'lE"$g

(!

r O

zt /o

s-R-3 a ty.t8
s-HF-1

Fork

s -R-1
zt.7

NOTE:.  Stat ions marked in red

a r e  o u t s i d e  o f  s t a l e  l i m t t s

ior  the samP1e taken dur ing

the  above  samPl ing  Pe r i od '

l ughn Hansen Assoc ia tes
t r O  S o u t h  1 4 7 5  E a s t
E t t  t - . t e  C i t Y ,  U t a h  8 4 1 2 1

L IH ITS :
loper
u P P e r

Parameter



B-31

r.rATER QUALITY SAHPLING LOCATIONS

HUNTINGTON CREEK HINE 4

SWISHER COAI- COHPANY

s-c-4 aooL
s-c -2

A
- N -

ns-c-5 ranoal j 6oYoo
s-c-1
d.a/Z

s-c-3
d,otb,

L i t t l e  B e e Canyoo

z
,
C<

' )
\ G
t€
\ ,

L z

d.oot
s-LB-2

0,oag
s-ur-2

S-LB-5

s'-l{F-3
<o.oof

\,ff1i2;#?-:JR
o

\*

s-R-3 t

Fork

A,OO7
s-R-2

Date

s-R-1
0.oo7

NOTE: Stat ions marked in  red

" t " - i ua " ide  
o f  s ta te  l im i t s

i" i  arr. samPle taken during

l iu  
"u"" .  

sarnPl ing Per lod '

L IH ITS :

e5T":ll'il;fi:::"'"'
S a l t  L a k e  C i t Y ,  U t ' a h  8 4 1 2 1

Parameter

t  
m i l e s



B_ 32

r.rATER QUALTTY SAHPLING LOCATToNS

HUNTINGTON CREEK MINE 4

SII1SHER COAT COMPA}IY

o,o0b
s-c -4

A
N -

Is-c-2

0,olo
s-c-5 ranaa 

I. i IanYos
s-c -1

s-c-3
/,0o7

t
c
2
6

c
t *\s

L l t t I e c"tygo

s-LB-1s_tB-3o,oo5 .
s -LB-5 'r-rr--o -(sPEl-o.g)

s-xr-3 0,OOT
O,od6

rQr;
0,of7

s-!tF-1

Fork

s-R-2

s-R-1
o,oo7

LIHITS:
lower
u P P e r a,a5

f,lir""'
NOTE:  S ta / l ons  marked  i n  red

a r e  o u t s l d e  o f  s t a t e  l l m l t s

fot  t i r "  samPle Laken dur lng

i i "  .uotu samPl lng Per iod '

d'o17
s-LB-2

g
t c
\ o

o ,0 lb
s-R'3 a

tiT"lil'il,f';:::"'res -
S a L t  L a k e  C i t Y ,  U t a h  8 4 1 2 1

1 !0 : r zm i l es
f - , - - - - - - - - - - 7 -

S c a I e



B-  l3

LtATER QUALITY SAfiPLING LOCATIONS

HUNTINGTON CREEK HINE 4.

. 
SWISHER COAL COHPANY

s-c-4

A
- N -

ils-c-5
1,7/

s -c -2
IaoYort

s-c-1
dr?/

L i  t t l e

s-LB-5

s-r{F-3
O,T

Bear Caayon

s-c-3
a?o

*
c
?
Ca

2
i%\ o
)?

/.zy
s-LB-2i-g;#

?-;-o (spr,;-2z)I
o

. o

s-R-3 a t.5/
s-uF-1

Fork

/,77
s-R-2

D a t e

s -R-1
Z,l{

NOTE:  S ta t i ons  marked  i n  red

a r e  o u t s i d e ' o f  s t e t e  l i m i t s

for  the samPle taken dur ing -
t he  above  samPl ing  Pe r i od '

LIHITS:
Iower
u P P e l

Paramete r

S c a i e



B -  3 t l

$ATER QUALITY SAMPLING LOCATTONS

HUNTINGTON CREEK HINE 4
.S}TISHER 

COAT COMPANY

/,0j3
s-c-4

A
- N -

Is-c-5
./,l:ts

cranaall
s -c-2

G-t Yo''
s-c-1

L l t t l e B e s Canyon

/,BS s-LB-1s-LB_3
s-LB-.5

s-c-3
/'85

2o
C<

t
t%
\s
\ :

**J

o

/,9 85
s-LB-2

s-LB-4
/:7vo

(spring)
/,tfz

q
o

r Os-MF-3
/'/3t

4,50
s-R-3 4 3. /b

s-HF-1

. *'l":ii'il'i'i:::""'
S a l t  L a k e  C i t Y ,  U t a h  8 4 1 2 1

Fork

-R-2

s-R-1
7ZL

Paramet.er /*tiu-
D a t e

NOTE:  S ta l ' ibns  marked ln  red

a r e  o u t s i d e  o f  s t a t e  l l m i e s

for the samPle taken during

the  above samPl ing  Per lod '

LI,HITS:
lower
u P P e r

S c a I e



B-35

l.rATER QUAIITY SAHPLT'NG LOCATToNS

HURTINGTON CREEK HINE 4

SIJISHER COAI. COMPA}IY

s-c-4
zo

s-c -2

A
- N -

Is-c-5 C."rrO"tl 6-aoYoo
s-c-1
zz

L i t t l e

b.5
S-HF-2

s-LB-5

s'-HF-3
{5

s-c-3
?

B e a E Canyon

2
I
C<

5
\ *
\ o a^

\-/

tz
s-LB-2

{s-LB.-1s_rs_s I

" - ; .  

( sP r ine ) g
(D

r O

s-R-3 a
zg

s-ur-1

Fork

s-R-1
a/

, Ji.*!;.ii;:'i::i";;,, u P P e r

r  r  o 1 1mi 'es-'...#TT_- - _ _

< Jo.'o2'r7^"ii"
NOTE:  S ta t l ons  marked  l n  red

" I " - " r a t l d e  
o f  s t a t e  I i m i t s

; " ;  ehe  samPle  Eaken  du r l ng

i i .  "u""e 
samPl ing Per iod '

LIHITS:
lorrer

a -  -  I  -
J L d  T  g



o
tiATER QUAITTY

HTINTINGTON

SWISHER

a-76

SAI"{PLING LOCATIONS

CREEK HINE 4

coAl coHPAllY

A
- N -

il
J

x.zL
s-c-4

s-c-2
gz5

c."na" 
I I- G-r'Yoos-c-5

s:c-1

'  L i t t l e

s-c-3
5,bL

Bgg1,-.-ca."on

7,95 s-LB-1s- ;B-3

2
a(

)
t%
\?

8,4
s-LB-2

s-I-B-5

S-HF-3

fv,4

s-LB-4-7,6b

Fork

Paramete r
Da t ,e

(Spr ing)

zt'b
S.HF-1

g
o

r ( o

3.35
s-R-3

s-B-1
/5'/3

a r e  o u . t s i d e  o f  s t a t e  l l o l t s

io t  t t .  samPle  taken dur ing

t i "  
"U" "e  

samPl ing  Per iod '

. ff'I"::;';l' l';::: "'"''  
S a l t  L a k e  C i t Y ,  U t a h  8 4 1 2 1

LLHITS 3
lower
u P P e r

,  A  L  T m l l e s
1 , ' u
U -  :' L r - '  +  - - s c a l e



8-37

IiATER QUALITY SAHPLING LOCATT0NS

HUNTINGTON CRhEK HINE 4

SWISHER COAL COHPANY

s-c-4

A
- N -

ilB
2 s-c-3

opyT
2
3
c<

a
lq '
\ "a-

s-c-5 f-anYo$
s-c-1
4e*{

L i t t '1e

s-LB-5

s-HF-3
),o17

B e a Canyoq

s;l!;r2-^la.i
Z;';rsn;gr)

d.o6s
s-LB-2

cl
t{

o
r ( !

s-R-3 a
d.o55,

s-!rF- 1

^1ughn Hansen Assoc ie tes
| }O South  1475 East

-  
S " f t  L a k e  C i t Y ,  U t a h  8 4 1 2 1

Fork

s-R-1
!.07/

Date

NOTE:  S ta t i ons  marked  i n  red

a r e  o u t s i d e  o f  s t a t e  l l m i t s

for  the samPle taken dur lng

the  above  samPl tng  Pe r i od '

"T::::=- a_ipp*@

r  t '  O  7  2 rn l les

- - . -  -  F  t  '

c -  , 1 -
J L A A g

Paramete r



B-18

r.rATER QUALTTY SAMPLTNG LOCATToNS

CREEK MINE 4 '

COAL COHPANY

0,a tz .
S - C : 4

HUNTINGTON

ST.JISHER

s-c-5
o.Dll

s-c-2

s-c-1
G''Yoo

s-c-3
o,bzl

A
- N -

il2c
C<

, 2
t%
\?

L i  e  t le Bea Canyoa o.dtl
s-LB-2

's-Cr-z
o.oo9
s-LB-5

s-HF-3
O,ao3

[s-rn-rr-1r-t . l
tr-Hr^o (sPti-o.s) o

i ( s
\ o

d,ooy
s-R-3 0

Gtt "  Hansen Assoc ia tes

5 E O  S o u l h  1 4 7 5  E a s t

S a l t  L a k e  C i t Y ,  U t a h  8 4 f 2 1

t,o/0

Fork

Parame te r

D a t e

I'oo5
s-HF-1

s-R-1
l,oa5

NOTE:  Sea{ ians  marked - i " . : :U

. i . - " " . i r de  o f  s ta te  l im i t s

i"t att" samPle Eaken during
'  

t he  above  samPl ing  Pe r i od '

LIHITS:

fi;Z:



&v+aff.-z

A PIAN FOR gHE C0ttECtIoN, nEC0RDINC AIID Rff0RTINc 0F
GROU'ND AND SiIRIACE t'tAtffi. QUAIIfT AI,ID ,iU.ANTITY DATA

this pla.n is hereby subnltted to Part ?84.14 (l)(:)r and is based

on the requirements in Part 817.52, and also the "proposed. Cuidelines

for Surface and Groundvater Monitoring", publj.shed by the State of Utah,

Departnent of Natural Besourc€s, Division of Oil, Gas and l.{ining.

The Crandall Canyon vatershed covers approxinately 5.J square miles

and Crandall Creek is the only uater body present in the entire water-

shed, area. (* rs..f)'urtt{6a ". .,.-';!1;.[,,,'',,'i--l;i1:d.t' ,&r..r,.''.,.',' ,,*-,r, ),-o 
\ *rf

The drainage borrnd.aries are sho*n on the r"otii;!'S"tii:Lanj.es this
,* {.otti,tn f 

'

p1aD. Crandall Creeks flo'*s in a northeasterly diraetion anrl merges

wlth Huntington Creek vhich upon nerging vith Ferron Creek fo::ag the San

Rafae1 Ri-ver rhlch is a tributary to the Creen River. The vater in Crandall

Creek coneists of nrnoff and floy from springs*blg3_?I*Tp*11r*j!g__gglXg!:_

The ridg'es sunrounding Crandall Canyon axe sharp ana the sides of the 
- \

canyon are steel. The location of our pe:mit area in relationship to .: ,u;).&o '* 5 '' 
)

the creek and springs is also shorn on the aceompanring n'a?. t"'1""'* 
? d"t' 

'

tr{ater discharge info:mation for CraradalL Creek uas obtained frora the

U. S. C. S. n Hater lnvestigatj.ons llvision for the 1979 vzter yea?i Their

info::roation j.ndicates that the nininus discharge of 'raier for any one day

that year ltas oJ1 cubic feet per second, nanimu^n discharge@ roz ary one

day xas 1! cubic feet per seeond, with an d.aily average of 2rL9 cubic feet

per second. Tbefeonouier print-outl ;f;K" infor:nation accompanies

ihis p1an. Thj.s print-orrt also g:ives somq of the seasgnal vari.ations

showing that from the end of Septenber through the niddle of March the

_ t  z n _



strean fl.ov remaj.ns relatively the sane, then gradually pi-cks up to its

peak flow amrrnd the latter part of May then gradually drops throughout

the summer.

Water quality infornation for Crandall Creek vas talcen fron the

Vaughn Ea,nsen and Associates Study doae in L977 far Svisher Coal Conpa.ny.

The locations sanpled in Crand.ai.l Canyon during Haneenrs study are indi-

cated as S-C-lr 2, j, 4, and 5 in the 'rUater Qualj.ty Sanpling Location

l{apsr" i.nserted as Appendi.x B of the study. Thig entlre study is in-

cluded as iteaAIE-Z of our mi.ne perrnit appli-

followine seasonaf variation of vater
. * - ' -

r,ocation s-c-, rras located at the mouth of cra.ndall creek above

confluence with iir:ntington Creek and I ,*i11 present the data from that /

location as being nost representative of the creek in its entireiy as ,4.i'
. , , " , ,  

' l  ' l  l  , '
far as seasonal variation of nater quality is concerrr"d..rn\,_--n--'l t' t'n*,

s-c-, sAl,iptEs (rrulsnr sruty),, .* \ ,'rt" \ 
r ," ' 

,, -' ; 
f'

- 
e,ro.riul 

" 
,y"|: 

{ li: 
'v 'rl:i:''-

YW 1L to June 4 November I - 12

ns/L
r.sh

catioa and I si}1 reference the

quality to the study by Eansen.

Sulfate
Total. lisolved Solids t9A
?urbidity
Sicarbonate
Alkal ini ty ( totaf)
Harriness
Sari,uul
Soron
0a:ciura
Chloride
Copper
Flouride
Iron (tota1)
Magneeirla

40

1 .00
251., nsh

27.7 ne/L
45o nsh

2 . 2 Q
,t?.t r{.sh
256 tr,&h
270 ns/I

0 .015 ns/ !
0.001 n'g/I

85.4 ne/l
4 r^g/r
o.oz4 r,sh
o. tT ns/t
0.158 ns/\

12.95 ns/L

z t o

248

4e
4

n8h
n8/L

0.099 nsh
0"001 nnC1l

r,sh
ne/t

O.O3, nc/l
0 .20  mg .1
0.14T tug/r

,O,72 ngh
Manganese O.OOO9 ng/L 0.006 rig/.L
Potassir.m 1.4t5 ns/r o.9o ns/r
Sodir.rn 5.55 ng/I 9.O0 ng/l
Z inc  0 .c21 ns / I  o .o4g ms/1

Ali sa-.npies taken in Crand.aLl Canyon and in particrrlar at this S-C-1

- r  7 i  _
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/l

ri$,:1
\'.,r'

location at the nouth of Crandall Creek nere lrithin state linits for

acceptable eoncentratione. j.r r 1, r" ' ' ' 1"y'/' '/ '
'!

Cra^nda1l Creek does not flon through our perrit area, honever' we

feel it i.s adjaceat enough to our pe:nj.t area that it could be affected by

our surface faeilitj.es or operationsr I{e, therefor-e.prolosed to sanp}e the

ereek fer sq-ter gsar*y/lt'';i;''il;lii,1,; *;;";;u ;" ,ie map that ac-
compani es this plan, to d.ete:mine the effect, if anry, our operation has

on the water quaiity in CrandaLl Creek. ',ve rvl]1_Sa4!le*arJ*Jq9*-4.9-g_1*gpg!g{
, /'- : 

--'_*\

i'stationlraonthl.y 
for ihe fo).1or*ing parameterritenperature (air and vater),

specific cond.uctancel pEr total dissolved soliris, total suspended solids,

total iron, dissolved iron, total manganese, oi1 and grease, eulphate, ._ o,i,

acidity (if pli lese than 8.J) plus a.ny adoitionaL parameters deemed - .,;1",.,,, ',

necessary by the State of Utah, Dj.vision of 0i1, Gas and Friaing,' fhis

station nill also be sanpleri for a ggqp*19_!*?_-yat-er.eu411-ty-__alaiysis og)_9.-?

y_:Aj:IJ-ng.-1o_w .flov period in the fa1l. There r*111 be no nine nater dis-

chalge point to be sarapled, Our sedinent pond discharge wi.1I be sa.npled

in accordance vithtre fpeuency and pararneters requlred by our N. P. !. E. S.

d.iseharge pennit. Results of all sggrp-1_1ng nil.-l be. re-ported q-,u4l_t-9"Iiy-

Upon our cessation of ni.ning operations, during reclanation ald after t*- "l

!
clama,tion has been completed, our ea.mpling, for the sane para;neters, d.ur- 

i ijr$"
I

ing the sa.rae intervals vill continue to be done and vil1 sti1l be report- 1"
j

ed quarterly until the Slate of iitah, livision of 0i1, Gas and liinine o.eenT)

the sampling unnecessat? and of no further consequsDcer

Our groundvater base data i.s conpiled from information la the Taughn

Hansen Study doae for Swisher Coal Corapa:ry, published Ln 1977, and also

fron Utah Poner and Light Conpanyr s l9?9 Annual Report of their hyd.rolog'ic

monitoring progran. This info::mation as to the geoloS:ic setting of t"he

grounovater system is containeo in this application as Fart 783.14 (a)

1 Z a

)

\':34
i . j : . : : '

. ,.!-)!" 
'". 

"r--

V*1.,,.,"'
i " ! , .

" ."'i



and Part  78r.15 (a)(f)  and (")(Z).  And again, no najor faul t ing has been

d6scribed or napped in the pe::rait area arrd our ohrn geologi.c investigation

reveals no major faulting in ttre permit atea. Our g:cundwater quality 't

lnfomation has been compiled fron U. 3. G. S,, vater investigati.ons .,,.f. .,".
. ; i .  '  

.
division, UPt, and Vaughn Hansen hydrologic sources, U. S. G. S., ln , 1t' .. ' , ' '

rr$' , '  
'  

," ' , '  
'

particular, has reported the location of .tvo mgigr_sr@ '.'':'

tanyon. Neither of these is located rithin the perrnit area, but are close

enough to the pernit area to provide info:mation pertinent to this appli-

cation and this plan. These springs have been identified and sa$pled in

the Vaughn Eangen study. One i.s stationed coded by liarrsen as S-C-4 and is

located 2.5 miles up Crandall Canyon on the rigtlt fork of the east braneh,

the other is stati,on coded by Hansen as S-C-J a.nd is located 2.5 miles

up Crandall Canyon on the left fork of the east branch. Vaughn Eansen

has also sa.upled another spring: which is closer to the pe:mit area, horr-

everr on the eide at the canyon opposite our pernit atea. I{ansen has station

coded. the closer spring as S-C-l.

Flow data uas available on S-C-4 and S-C-l from U, S. C. S. and is

as follows:

STATION CO}E

S-C-5
(elevation SJzOft)

u .  s ,G . l l .
t0cAlI0N

t-15-6 1ACA

DATE TT,OI{
GPM

4125178 I
r /08 /78  2 .2
alzJ/lg 26
9/L7/79 22

] ia/$/1g 8.8

tol22/7s t,s-c-5 D-15-5 1CCA
(e).evation 85S0ft)

No flow d.ata was available fron any soutce on the spring station coded

s-c-l by vauehn Ha.nsen. Ee 6ives a .002 c.f.s. florl rate recorded. on

Novestber 12, 1975. Results of *ater quali.ty apalysis for these three

stationsr taken from the vaughn i{ansen study, is as follovs (a11 in

1 2 7



ng/t i ter):

s_c_l s-c-4 s-c-5

Sulfate 40 16 ,5
Total Dissolved SoLids 448 42O 422
I\rrbidity 1.J0 O.5, 0.80
Bicarbonate ,00.1 ?9O.4 290.4
A).kalinity ( totar) 245 2)a ztj
Eardness 2r4 252 262
Sariun .015 .A95 .015
Boron ,001 .014 .0J0
Calciun 68.9 51.5 54.0
Chlor ide 1.5 4,0 5.0
Copper .00? .020 .00b
Flouride .!T .19 .I7
rmn (totat) .?97 .r4o ,049
i{a6nesiun 14.8 25.9 24,5
Potass ius .91 1.09 1,14
Sodiun ZZ A,26 A.Z5
zLnc .044 .ol2 .ol1

After reviening the Vaughn Hansen study s.rrd our ovn geologic infor-

mation on the peruit anti adjacent areas, aJld due to the fact that there

a?e no springs rvithin the permit area and the o1d workings are not naking

any vater at present, ve feel that the best locations to use as a sanple

points for grcundwater 1ua1it;r and 1ua:rt,ity nonitorirg would be tire i{ansen

j .ocation at S-C-2 antl a* q nai-+ doranstream fron wher.e CrandalL Creek lasses

over the lnterface of the Slackhark-star loi.nt fomations.interface
. ' , - . . . . - " .

Tl19sg-!1l ispring location) ri1l be sampled once in the spring and once \. . 2 - *  - * . - _ . = * _ . * * . * n -  
- - -  - t  

)

in the faLl for the follouing parameters: pH, speeific conductance, total. 
/

f
ironr dissorved iron, total manganese, iotal. dissolved solids, total I

suspended solics, sulfate, acid.ity (vhere the pH is less than 8. J), plus --7
(

any add.iti.onaL para"meters deemed necessarXr by the Staie of Utalr, Division (.\

of 0i1, Gas and lvlining. A conplete vater quality analysis ni1l be n:.n \
t

from these locations on a quarterly basis a.nd. results fron all analysis /
'.,/

shalL be raported on a quarterly baei.s.

j!gl"*]rp g.il" locaiioGr,eill be sanptr ed once in the spring: for

follorring n"t"r**t";;- 
";""rrr" 

conductance, total iron, dissolved

*"--)
/
t

iton, i

)
- 1  7 l  -



total nanganese, total dissolved solids, total suspended solids, sulfatet

acidity (vhere pii is less than 8.J). plus any ad.ditional pa;raneters deem-

ed necessary by the State of Utah, Dj-vision of 0i1, Gas and Ivliniag. Soth

stations triLl be sanpled for a conplete yater quality a.nalysis once a

year durlng Low flov period in the fall. A yater teurperature and f,Iov

rate vi1l be taken nith all samples" Analytical results of all sa.nples

vj.l.1 be reported within the quarter they have been iaken and anaiized,

Upon ceseation of our mining operations, during and after reclaaatlo[ opera-

tions ve rsill continue this sane sampling and reportj-ng procedure until

the 'State of Ugah, Division of Oil, Cas and Mining deems the sarnpling un-

necessarJr and of no furthur consequence.

!
i
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